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Abstract 
 The analysis of spectroscopic data of solar type stars provides a powerful tool 
to derive stellar parameters, such as effective temperature, surface gravity, 
microturbulence or metallicity. This can be done through the measurement of Fe I and 
Fe II weak absorption lines, which are then used to compute abundances, assuming 
local thermodynamics equilibrium. In this work, the derivation of stellar parameters is 
done by forcing excitation and ionization equilibrium of iron. The knowledge of these 
parameters is of crucial importance in several hot topics in astrophysics, such as the 
characterization of the solar neighborhood, the study of exoplanets, the composition 
and kinematics of our Milky Way or even for asteroseismology.  
 The process implemented to derive the stellar parameters is based on the 
comparison between observations and theoretical models through an iterative process, 
which stops when the most appropriated model to fit the observations is found.  
In this work, I aim to identify the best optimization method which can be applied 
to the described problem. For this purpose, I will implement and test several 
optimization methods. In addition, I will derive stellar parameters using all the 
implemented methods to test their efficiency and to compare the obtained results with 
the tabulated values. 
Keywords: optimization; minimization; astrophysics; stellar parameters; 
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Resumo 
 A análise espectral de estrelas do tipo solar providencia uma ferramenta 
ponderosa para determinar parâmetros estelares, tais como a temperatura efectiva, 
gravidade à superfície da estrela, microturbulência ou a metalicidade. Estas 
determinações são efectuadas a partir da medição das larguras equivalentes das 
linhas espectrais de ferro neutro e ferro ionizado. Estas medições, são posteriormente 
utilizadas para computacionar as abundâncias, assumindo um regime de equilíbrio 
termodinâmico local. Por conseguinte, neste trabalho, a determinação dos parâmetros 
estelares é efectuada forçando um equilíbrio de excitação e de ionização do ferro. A 
determinação de parâmetros estelares é de importância crucial em diversas áreas da 
astrofísica, tais como a caracterização das estrelas presentes na  vizinhança do Sol, 
estudar a composição e cinemática da nossa galáxia, ou até mesmo em áreas como a 
asterosismologia. 
 O processo implementado para determinar os parâmetros estelares é baseado 
na comparação entre as observações e modelos teóricos, através de um processo 
iterativo. Este processo termina quando se encontra o modelo que melhor se ajusta ás 
obervações.  
Neste trabalho, pretendo identificar o melhor método de minimização que 
possa ser aplicado ao problema acima descrito. Para tal, irei implementar e testar 
alguns métodos de otimização. Igualmente, irei efectuar a determinação de 
parâmetros estelares de diversas estrelas, utilizando todos os métodos estudados e 
testar a sua eficiência. Por outro lado, irei também comparar os valores dos 
parâmetros estelares determinados através dos métodos implementados neste estudo 
com valores tabelados. 
Palavras-chave: otimização; minimização; astrofísica; parâmetros estelares; 
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Introduction 
 At night, several stars can be observed in the sky. Some stars look more 
reddish and others look more bluish. Since the Antiquity, stars have played an 
important role for several civilizations. They were used for religious beliefs, navigation 
or astronomical orientation. Nowadays, the humankind looks to them in a different way. 
Due to several advances in technology and in the development of instruments, which 
allows to obtain high resolution spectroscopic data, the desire of classifying stars has 
been made possible. In this field, spectroscopy plays an important role. It can help us 
to construct the identity card of each star.  
Through spectroscopy it is possible to access the chemical composition of 
elements present in a star. By analysing spectroscopic data, it is possible to derive 
stellar parameters, such as effective temperature, surface gravity, microturbulence and 
metallicity. These parameters will be defined in chapter one. The physical information 
existing on the shapes and strengths of spectral lines can be used to derive these 
parameters. The idea behind this approach is to compare theoretical models with the 
observations to try to find the best fit.  
 In this work, I aim to try to test and implement some optimization methods and 
strategies to the described problem. The best method found is aimed to be more 
efficient and less time consuming than the one which is currently being used.  
 This thesis is divided into five chapters. In the first chapter, I will provide a brief 
introduction to some fundaments of spectroscopy and a motivation to the problem. In 
the second chapter, I will describe several deterministic optimization methods. In the 
third chapter, I will describe some stochastic methods. In the fourth chapter, I will 
describe the objective function and the default method currently being used. I will also 
discuss the implementation and efficiency of the tested methods, in this study. In 
addition, I will discuss and point out the results obtained by each implemented method. 
In the fifth chapter, I will point out the conclusions of this work.  
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1. Fundaments of stellar spectroscopy 
 The past few years have been fruitful in the derivation of stellar parameters of 
nearby stars [e.g., Santos et al. 2004, Valenti, F. and Fisher, D. 2005, Casagrande, L. 
et al. 2011, Sousa et al. 2008]. Due to the existence of new spectrographs, it has been 
possible to obtain larger samples of stellar spectra. As some examples are the 
following spectrographs: HARPS coupled in the 3.6 meter telescope at La Silla; UVES 
located at the Nasmyth B focus of UT2;  FLAMES coupled in the Very Large 
Telescope; DEMOS coupled in the Keck Observatory; AAOmega coupled at the Anglo-
Australian telescope; HYDRA coupled at the Blanco Telescope of the Cerro Tololo 
Inter-American Observatory. Nowadays, several surveys to derive stellar parameters 
have been started available online, such as the following examples: the Gaia-ESO 
survey committed by the European Southern Observatory [Gilmore, G. et al. 2012]; the 
APOGEE Survey at the Apache Point Observatory [Allende Prieto et al. 2008]; the 
RAVE Survey at the Anglo-Australian Observatory [Sterinmetz, M. et al. 2006].  
From a stellar spectrum, it is possible to derive its atmospheric parameters, 
such as effective temperature (Teff), surface gravity (log(g)), microturbulence (ξ) and 
abundances of several chemical species [Abibekyan, V. et al. 2012]. Then, these 
parameters can be used to derive other indirect parameters. Indeed, this technique can 
be quite as powerful as it is time consuming. The method that will be used in this work, 
requires precise measurements of equivalent widths (EW’s) for many Fe spectral lines, 
in solar-type stars. In order to accomplish this task an automatic routine, called ARES 
(Automatic Routine for line Equivalent widths in stellar Spectra) [Sousa, S. et al. 2007] 
may be used. Finally, the atmospheric parameters may be derived with the help of the 
MOOG1 routine. The derivation of stellar parameters is of crucial importance in several 
hot topics in astrophysics, such as for example, the study and characterization of 
exoplanets, composition and kinematics of the Milky Way or to derive other indirect 
stellar parameters (e.g, stellar ages). As one example of the importance of the 
derivation of stellar parameters check the work of Batista and Fernandes (2012). 
Due to the desired necessity of quickly and efficiently derive stellar parameters 
(meaning effective temperature (Teff), surface gravity (log(g)), metallicity ([X/H]) and 
                                                          
1
 This code is available online at: http://verdi.as.utexas.edu/moog.html.   
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microturbulence (ξ) of larger and larger amounts of stellar spectra, it was necessary to 
build automatic tools capable of managing a high quantity of data. However, before 
going deeply in the description of this problem, it is necessary to firstly introduce some 
basic concepts of stellar spectroscopy. For this purpose, in the first section of this 
chapter, I will introduce some basic concepts about stellar spectrum. Then, I will 
describe the spectroscopic method, which will be applied to derive stellar parameters in 
this study, and how sensitive are these parameters to several constraints. In this last 
section of this chapter, I will introduce the MOOG program. 
1.1. Basic Concepts of Spectroscopy  
 Spectroscopy is usually a term usually used to refer to the measurement of 
radiation intensity as function of the wavelength. Spectroscopic data is represented by 
a spectrum. In Fig.1.1, I show a high-resolution stellar spectrum of the star HD225097, 
where it can be observed the presence of some absorption lines. The device to obtain 
a spectrum is called spectrograph. In order to better understand what absorption lines 
are, how stellar spectra are originated and how stars are classified, it will be provided a 
brief description in the next three sections. 
 
Fig.1.1 – Zoom of a high-resolution stellar spectrum of the star HD225097, obtained from the ÉLODIE catalogue, available online 
at http://atlas.obs-hp.fr/elodie/. The spectral line Hβ can be observed at around 4860Ǻ. 
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1.1.1. The physics of spectral lines  
According to the laws of quantum mechanics, electrons are not confined to a 
specific state. They can have different energies in different states. The quantitization of 
energy of microscopic systems is governed by the laws of quantum mechanics. In the 
proposed model to describe the atomic structure, an atom is composed by a small 
positively charged nucleus, surrounded by electrons moving in circular orbits around it. 
Each of these orbits has energy levels well quantitized, by the main atomic number n. 
Electrons are not confined to a specific energy level and are allowed to jump between 
energy levels. Consider, for example, the case of hydrogen, which is composed by one 
proton and one electron. The quantitization of each energy level is given by: 
    
    
  
 (  )                                                             (   ) 
 In the case of the hydrogen atom, the energy level     corresponds to the 
lowest energy level, also called as the ground state level.  
 Consider now an example, in which an electron is at the energy level     and 
that suddenly jumps into the energy level    . As a consequence of this transition 
one photon is emitted with an energy exactly equal to the energy difference between 
these two levels. The wavelength, in which the photon is released, is defined by: 
  
  
     
                                                                 (   ) 
 The photon emissions, which are a result of these transitions, are called 
emission lines.  
 All transitions, which have the energy level     as the ground energy level, 
belong to the Balmer series. For example, the transition from:     to     is called 
Balmer α or Hα;     to     is called Hβ;     to     is called Hγ;     to     
is called Hδ.  
 On the other hand, electrons can also absorb photons. If an electron is at the 
energy level    , and then suddenly absorbs a photon with an energy exactly equal 
to the energy difference between the levels     and    , it will jump to the 
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corresponding energy level    . In this case, an absorption line will appear on the 
spectrum. 
 To understand the formation of a spectrum, let’s consider the example given by 
Kapler, J. (1997). Consider a box filled with a low density hydrogen gas (Fig.1.2). Also, 
shine the box with a source of continuous radiation, with for example a metal that has 
been heated to a high temperature. In this case, the produced spectrum can be 
observed in three different ways: by only looking to the continuous source (Fig.1.2, 
number 1); by only looking at the box (Fig.1.2, number 2); or by looking to the radiation 
passing through the box (Fig.1.2, number 3).  
 Firstly, by looking only into the light source, its spectrum will be similar to the 
one of a blackbody (Fig.1.2, number 1). A continuum is also represented by the 
accompanying graphical spectrum. Let us now impose this continuum to the gas 
contained in the box. The temperature in the box works like a control parameter of the 
gas speed. As the temperature is increased inside the box, the rate of collisions 
between the gas particles in the box will increase. In each one of these collisions, an 
electron can jump from one orbit to another.  
 By looking at the box (Fig.1.2, spectrograph number 2 – line of sight), the 
photons whose energies correspond to all the energy differences between level pairs of 
the elements in the box may be absorbed and preventing them to reach the 
spectrograph. The rate of electron, which in fact get absorbed and then removed, 
depends on the number of electrons that have been collisionally raised to the 
appropriate level. It is also dependent of the length of the crossing path through the 
box. As a consequence of this phenomenon, an absorption spectrum is originated. In 
Fig.1.2, number 2, is represented such a spectrum with a broken continuum at the 
wavelengths of the hydrogen Balmer lines.  
 On the other hand, by looking only to the radiation that comes from the box 
alone (which means, looking to the box spectrum alone), the electrons which jumped to 
higher levels, due to collisions or absorption of photons, will need to jump downwards 
and will originate an emission-like spectrum (Fig.1.2, number 3). 
This analogy of the box of gas can also be reported to explain the formation of 
stellar spectra. This will be explained in the next section.  
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Fig.1.2 – Example of how stellar spectra are formed. An incandescent light source is represented by the sun dot. By directly looking 
to the light source, a blackbody spectrum is observed (spectrograph 1). Photons of all wavelengths enter in the box filled with 
hydrogen. Photons that have energies which do not match the energy differences between the orbits of hydrogen, pass through the 
box. For example, photons which have wavelengths that correspond to the Balmer series of hydrogen have a high probability of 
being absorbed.  This is observed by spectrograph 2. The dotted line represents the original continuum and shows the evidence of 
some continuous Balmer absorption. As a result, some Balmer lines and continuum in emission are produced (spectrograph 3). 
Source: Kapler, J. (1997).  
1.1.2. Origin of stellar spectra 
 In the deeper layers of the star, gases under high pressures produce a 
continuum spectrum, like in the previous case of the incandescent metal of the latter 
example (Fig.1.2). However, by moving through the upper layers and posteriorly to the 
atmosphere of the star, the pressure and density drop. Depending on whether an 
electron jumps to higher levels or it jumps downwards towards the ground state, an 
absorption or an emission will occur, respectively. If the electron jumps to higher levels 
of energy, an absorption line will be originated in the stellar spectrum. This fact is also 
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more or less similar to what is observed in the previous example (Fig.1.2, number 2), 
by looking to the radiation that passed through the box.  
As Kapler, J. (1997) quotes in his book, the continuum and absorption lines of 
stellar spectra are indeed created at the same place, but at different depths. Each 
spectral line is indeed originated at different depths at the stellar atmosphere. As an 
example, ion spectral lines may be produced at deeper layers at the stellar 
atmosphere, when compared to those who generate neutral features. Actually, ions 
require higher temperatures to strip electrons from atoms through collisions. The 
intensity of each absorption line depends, for example, on the probability of an 
absorption to occur or on the surface temperature of the star. Some emission lines may 
also be present in stellar spectra.  
In Fig.1.3, I show an example of a high-resolution stellar spectrum of the star 
HD102117, plotted with the “splot” routine within the echelle package in IRAF2.  
 
Fig.1.3 – Example of zoom of a high-resolution spectrum of the star HD102117. 
                                                          
2
 IRAF is distributed by the National Optical Astronomy Observatories, operated by the Association of 
Universities for Research in Astronomy, Inc., under contract with the National Science Foundation, USA. 
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 Absorption lines show several differences in shape and strength according to 
the physical conditions of the stellar atmosphere. In particular, the EW’s of absorption 
lines can be modified, for example and in a good approximation, by the effect of the 
effective temperature, pressure or element abundance. Spectral lines behaviour can be 
used to interpret the fundamental properties of stars, such as for example, the 
derivation of effective temperature, surface gravity and chemical composition. Gray, D. 
(1992) presents a good chapter about the behaviour of spectral lines in his book. 
 Temperature is the parameter which affects more the line strength, due to the 
exponential and power dependence with the temperature in the excitation-ionization 
process. This increase in strength is mainly due to an increase in the excitation rate. In 
Fig.1.4, I show an example of how the line strength varies from a cold and a hot star.  
 Pressure can also affect the behaviour of absorption lines. One example is the 
change in the ratio of line absorbers to the continuous opacity that can be induced (or 
by other words, ionization equilibrium). In solar-type stars (meaning F-, G- and K-type 
stars), the pressure dependence can be transformed in gravity dependence. In Fig.1.5, 
I show a line of FeII as an illustrative example, where it can be observed the gravity 
dependence of spectral lines in solar-type stars. It can also be observed that as the 
surface gravity increase, the strength of the FeII absorption lines decreases.  
 The chemical abundance is the most important factor that affects the line 
strength. As it is expected, the line strength increases as the chemical abundance 
increases (Fig.1.6, bottom panel). However, this relation is non-linear. In the top panel 
of Fig.1.6, I show the typical growth curve. As it can be observed, there are three 
regimes well defined. In the first regime, the relation between the abundance and the 
EW’s is linear and is called the weak-line regime. In the second regime, the central 
depth of the line approaches the maximum value and consequently the line saturates. 
In this case, the relation between the chemical abundance and the EW’s will grow 
asymptotically to a constant value. In the third regime, the optical depth of the line 
wings start to dominate, compared to the absorption of the continuum.    
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Fig.1.4 – Temperature dependence of sodium lines. It can be observed that as temperature increases, the line strength decreases. 
Source: Gray, D. (1992).  
 
Fig.1.5 – Derived profile for the FeI line, located at           , for several values of surface gravity. It can be observed the 
change in the EW of the line, as function of the surface gravity. Model parameters were:         and   (  )     . Source: 
Gray, D. (1992). 
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Fig.1.6 – Top: Theoretical curve of growth of a FeI line (          ) as function of the chemical abundance of the absorbing 
species. The letter “A” represents the total number of iron abundance as a function of hydrogen. Bottom: Profile dependence of a 
FeI line (          ) as function of the chemical abundance of the absorbing species. The dots represented in the curve of 
growth (top panel) correspond to the profile below (bottom panel). Parameters of the photospheric model:   =0.87 and    ( )  
    cm/s2. Source: Gray, D. (1992). 
1.1.3. Spectral sequence: The classification of stars 
 Stars are classified into spectral types, according to the appearance of their 
spectrum. The first astronomer to classify stars into spectral types was Angelo Secchi 
in the 1860s. This is the date usually referred as the birth date of stellar spectroscopy 
field.  
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 Nowadays, stars are spectrally classified into the following ordered sequence: 
OBAFGKMLT. In order to refine the spectral sequence, each spectral type was divided 
into ten subtypes. The only exception is the O-type stars, which are only divided into 
five subtypes. The subtypes are indicated by attaching an integer, ranging from 0 to 9, 
to each spectral type. For example, the Sun is spectrally classified as a G2 type star 
and its spectrum denotes the presence of calcium and ion lines.  
 As it was explained in the latter section, the surface temperature of a star 
affects its spectrum. The OBAFGKMLT spectral sequence is indeed a sequence of 
temperature. The hottest stars are the O-type stars, while the coolest stars like the M-
type stars. M-type stars have surface temperatures of around 3000K. In table 1.1, I 
present a summary of the relationship between the spectral sequence and the surface 
temperature of stars, the colors of the stars and some spectral features.  
Spectral 
Class 
Temperature (K) Spectral lines Color 
O 28000 – 35000 Ionized atoms, especially helium Blue-violet 
B 10000 – 28000 Neutral helium, some hydrogen Blue-white 
A 7500 – 10000 Strong hydrogen, some ionized metals White 
F 6000 – 7500 
Hydrogen and ionized metals such as 
calcium and iron 
Yellow-white 
G 5000 – 6000 
Ionized calcium and both neutral and 
ionized metals 
Yellow 
K 3500 – 5000 Neutral metals Orange 
M 2500 – 3500 
Strong titanium oxide and some neutral 
calcium 
Red-orange 
 
Table 1.1 – Summary of the relationship between the spectral sequence and the surface temperature of stars. 
1.2. A spectroscopic method to derive stellar parameters 
The main stellar atmospheric parameters (meaning Teff, log(g), ξ and [Fe/H]) are 
subject to four constraints [Santos et al. 2004; Mucciarelli et al. 2013]: 
1. Effective temperature: is derived by imposing that there is no correlation 
between the excitation potential and the abundance of FeI lines (or by other 
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words, imposing the excitation equilibrium). By taking into account the 
Boltzmann equation, the number of electrons populating each energy level is a 
function of the Teff. If the derived value of the Teff is too high, the lower energy 
levels will be under-populated. Thus, the expected line strengths for low 
excitation potential transitions will be too shallow. High Teff derived values 
induces an anticorrelation between element abundance and the excitation 
potential. On the other hand, if the derived value of the Teff is too low, a deeper 
line profile for low excitation potential transitions and a positive correlation is 
introduced. 
2. Surface gravity: is derived by imposing that for given chemical specie, its 
abundance in the neutral state is equal to its abundance in an ionized state 
(within the uncertainties). This requirement is the so-called ionization 
equilibrium. Surface gravity is a direct measure of the photospheric pressure. 
Hence, variations in the surface gravity value induce changes in the ionized 
lines, as they are more sensitive to the electronic pressure. The method 
assumes that energy levels of a certain chemical specie is populated according 
to the Saha and Boltzmann equations (in local thermodynamic equilibrium, 
hereafter reported by the acronym LTE).  
3. Microturbulence velocity: is computed by establishing that there is no 
correlation between the iron abundance and line strength. Microturbulence 
mostly affects the moderate/strong lines located across the flat regime of the 
growth curve (Fig.1.6). On the other hand, in the linear regime, these spectral 
lines are more sensitive to the element abundance. Microturbulence is 
introduced to try to correct the non-thermal effects which are not, in general, 
well described by the 1-dimensional static model atmospheres. It also acts as a 
corrective factor, which minimizes the line-to-line scatter. 
4. Metallicity: the overall metallicity is in general approximated by the measure of 
iron abundance (
[ ]
[ ]⁄  
[  ]
[ ]⁄ ), as iron has a large number of spectral 
lines to measure.  
A definition of these stellar parameters can be checked at the glossary.  
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 In solar-type stars, Fe lines can be used to derive the stellar atmospheric 
parameters (naming Teff, log(g), vt and [Fe/H]). The obtained solution should verify 
three conditions of the standard method: 
 Ionization equilibrium: [FeI/H]=[FeII/H]; 
 Excitation equilibrium, which means that the metallicity must be independent of 
the excitation potential; 
 Independence of the metallicity with the EW’s; 
In order to measure the EW’s of the iron lines, it is possible to use a routine 
called ARES (Automatic Routine for measuring Equivalenth Widths) [Sousa et al., 
2007]. Then, in order to derive the stellar parameters, a program called MOOG may be 
used [Sneden, 1973]. I will describe this program in the next section. 
1.2.1. MOOG 
MOOG is a code written in FORTRAN, which performs several LTE line 
analysis and spectral synthesis tasks. The basic equations of LTE stellar line analysis 
follow the formulation provided by Edmonds, F. N. (1969). The major part of the MOOG 
code follows the WIDTH and SYNTHE codes provided by Kurucz, R., available online 
at http://kurucz.harvard.edu/. Further details about other options of the MOOG code or 
how to download it, are provided online at http://www.as.utexas.edu/~chris/moog.html.  
The typical use of MOOG is to assist to derive the stellar atmospheric 
parameters. This is done using the MOOG option called abfind. It computes the EW’s 
which agree with the observed ones, previously derived through other software 
packages. In Fig.1.7, I show two typical output plots of MOOG. The red points 
represent the measured abundances, the yellow dashed line represents the mean of 
FeI abundances and the blue dashed line represents linear trends of abundance with 
three variables.  
Let    be the slope of the blue dashed line of the of the FeI lines abundances 
from individual lines versus the excitation potential plot. Let    be the slope of the blue 
dashed line of the FeI lines abundances from individual lines versus the reduced EW 
plot. 
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Fig.1.7 – Top: Plot of the FeI lines abundances from individual lines versus the excitation potential. Bottom: Plot of the FeI lines 
abundances from individual lines versus the reduced EW’s. It also contains information about the stellar model atmosphere used in 
this computation. The abundance units of both vertical axis are logarithmic number densities on a standard scale in which 
   ( ( ))    . Source: http://www.as.utexas.edu/~chris/moog.html. 
The best values of the stellar atmospheric parameters are found, when the 
slope deviations of these two lines are typically zero. Or by other words, when      
and     . So, I aim to construct a routine which iteratively attempts to minimize these 
deviations and finds the best atmospheric parameters.  
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2. Deterministic Optimization methods 
 In mathematics, the term optimization is referred to the study of problems where 
it is aimed to minimize or maximize a function. Optimization is usually a very large field 
of numerical research, which can be found among many domains, such as physics, 
astrophysics, biology, economy, engineering and many others.  
Let f be a N-dimensional objective function that it is aimed to minimize. This 
problem can be expressed in mathematical terms, as follows: 
  ( )    
                                                           (2.1) 
 Or by other words, finding a vector    that satisfies: 
 (  )   ( )                                                   (2.2) 
 A minimum can be whether global (i.e., truly the lowest objective function value) 
or local (i.e., the lowest value in a finite neighborhood and not on the boundary of that 
neighborhood) (Fig.2.1).  
Computationally it is aimed to solve an optimization problem faster and with the 
less CPU memory as possible. One issue in minimization problems is when the 
optimization algorithm gets stuck in a local minimum. In fact, this problem can be 
locally avoided by optimally adapting the optimization algorithm to our problem or by 
changing the optimization algorithm, making it capable of avoiding local minima. 
Indeed, in some cases, these adaptations can made our algorithm more efficient and 
more robust to the minimization problem. 
 In the world of optimization we would feel lucky if we could find the “perfect” 
minimization algorithm for our problem. Indeed, sometimes finding the best algorithm to 
solve our minimization problem is a quite arduous task. To solve this problem, trying 
more than one minimization method and compare their efficiencies and robustness to 
the problem, may be the solution. However, how should we choose the most 
appropriated optimization methods to a given problem? Our initial choice can be based 
on the knowledge of the behavior of the objective function f or as, for example, on 
whether we can to calculate or not its derivatives terms. In general, minimization 
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methods are iterative: initially a starting point is given and then a minimization algorithm 
may be used to decide where to proceed and how long.  
 
Fig.2.1 – Extremes of a objective function at a given interval [     ]. Points A, C and E are illustrative of local maxima. Points B 
and F are illustrative of local minima. Point G are illustrative of a global maximum and point D is illustrative of the global 
minimum. Source: Press et al. (2007).  
 In unconstrained multidimensional minimization (i.e., where initially there are no 
limitations on the allowed values of the independent variables), numerical optimization 
methods are classified taking into account how many terms of the Taylor’s expansion 
of the objective function are exploited: 
a) Zero order methods: this type of methods only requires evaluations of the 
objective function and their storage requirement is of the order of N2, where N is 
the number of iterations. They are also called by direct search method, among 
the literature.  
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b) First order methods: this type of methods only requires the computation of the 
Jacobian matrix and an one-dimensional minimization sub-algorithm. Their 
storage requirement is of the order of a few times N.  
c) Second order methods: this type of methods only requires the computation of 
the Hessian matrix and an one-dimensional minimization sub-algorithm. Their 
storage requirement is of the order of N2. 
In this chapter, I will describe some deterministic methods for unconstrained 
optimization and is divided into three sections. In section 2.1, I will describe some direct 
search methods. In section 2.2, I will describe some gradient based methods. In 
section 2.3, I will describe the Quasi-Newtonian methods. 
2.1. Direct search methods 
 Direct search methods are reasonably straightforward to implement and can be 
adapted to solve many nonlinear optimization problems. The term direct search was 
first coined by Hooke, R. and Jeeves, T. (1961). 
A good overview about this class of minimization methods is given by Lewis, R. 
et al. (2000). According to this work, direct search methods can be classified as pattern 
search methods, simplex methods 3  and methods with adaptive sets of search 
directions. Pattern search methods are characterized by a series of exploratory moves 
which takes into account the behavior of the objective function at a pattern of points, all 
lying on a rational lattice. Simplex methods are characterized by a simple guide, which 
leads them in the search. Methods with adaptive sets of search directions attempt to 
accelerate the search, by constructing directions which are obtained from the curvature 
of the objective function. Among the literature, several derivative-free minimization 
methods may be found: Hooke and Jevees method [Hooke, R. and Jeeves, T. 1961]; 
the Downhill Simplex method [Spendley et al. 1962; Nelder and Mead 1965]; 
Rosenbrock’s method [Rosenbrock, H. 1960]; the Powell’s method [Powell, M. 1964].  
 In this section, I will describe three direct search methods: Hookes and Jeeves 
method (2.2.1); the Downhill Simplex method (2.1.2); the Rosenbrock’s method (2.1.3). 
 
                                                          
3
 This term is not referring, in this thesis, to the simplex method of linear programming. 
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2.1.1. Hooke and Jeeves method 
 The Hooke and Jeeves method [Hooke, R. and Jeeves, T. 1961] can be 
characterized by two major moves in the space parameters: 
 Exploratory move; 
 Pattern search; 
Initially, an exploratory move is conducted in the vicinity of the current point in 
order to find the best target point. Then, these points are used to conduct a pattern 
move. However, what are the bases of these exploratory and pattern moves? 
 Let    be the current solution and    be a small perturbation induced to  
 . In 
the exploratory move,    is perturbed either in the positive and negative directions. The 
best solution found in this process is recorded. If the new point found at the end of all 
variable perturbations is different from the initial point, then the move is a success. 
Otherwise, the move is a failure. The exploratory move can be summarized as: 
1. Set     and     .  
2. Determine    ( )      (     ) and  
   (     ); 
3. Find          (   
    ) and set        ; 
4. If      then return   as the result. Evaluate if     . If true, then return 
success or, if not, return failure. Otherwise, set       and return to step 2. 
Then, a pattern move takes place. A new point is found by jumping from    
along a direction which connects the previous best point  (   ) and the current best 
point   , as follows: 
  
(   )
    (    (   ))                                         (2.4) 
 Kalyanmoy, D. (2005) presents a summarized view of the Hookes and Jeeves 
algorithm: 
1. Define a starting point   , variable increments    (         ) , a step 
reduction factor     and the termination tolerance      . Set    . (Usually, it 
is recommended to set    ). 
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2. Do an exploratory move with    and let    be the point found. If this move is a 
success then  (   )     and go to step 4. 
3. If ‖ ‖        then terminate the process. Otherwise,    
  
 ⁄  (         ) 
and return to step 2. 
4. Set      . Perform a pattern search:   
(   )
    (    (   )). 
5. Do another exploratory move around   
(   )
 and let  (   ) be the found point. 
6. If  ( (   ))   ( ( )), then return to step 4. Otherwise, return to step 3. 
As I quoted above, the numerical calculations done are really simple. However, 
the Hookes and Jeeves method can early go to incorrect solutions, especially if the 
objective function has highly nonlinear interactions between its variables. This method 
can also get stuck between steps 3 and 4 or 5 and 6, doing infinite exploratory moves 
and pattern searches. The convergence of this method to an accurate solution may 
also take a large number of objective functions evaluations. 
2.1.2. Downhill Simplex method 
 The Downhill Simplex method was initially proposed by Spendley et al. (1962) 
and later modified by Nelder and Mead (1965). Indeed, this method can work as a very 
robust hill climbing scheme. It only requires objective function evaluations, but can be a 
slowly converging method, depending on the number of required objective function 
evaluations. It is the most popular technique among the direct search methods [Barton, 
R. and Ivey, J. 1996]. However, there is no general convergence property in the 
deterministic version of this method [Barton, R. and Ivey, J. 1996]. In fact, some 
demonstrations of no convergence for particular functions or class of functions are 
found among the literature: Lagarias, J. et al. (1998); Kelly, C. (1999). 
 A simplex is a N-dimensional geometrical figure, defined by N+1 vertices. If 
   , the simplex is a triangle and if     is a tetrahedron, but not necessarily a 
regular tetrahedron. In general, the simplex is nondegenerate (i.e., a simplex that 
encloses a finite inner N-dimensional volume). By other words, it means that any point 
in the domain of the search can be constructed through linear combinations of the 
adjacent edges at any given vertex. 
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 The implementation of the Downhill Simplex algorithm is very easy. Initially, a 
N-dimensional vector of an initial guess is given to construct the initial simplex. Then, 
the algorithm is supposed to decide whether to search and move along the space of 
parameters, until it finds a global or at least a local minimum. However, if the algorithm 
gets stuck in a local minimum, it is a good idea to restart the algorithm, by constructing 
a new initial simplex in a region around the local minimum found and then let the 
algorithm do the job. 
 The downhill simplex is started by giving a N-dimensional vector to construct 
the initial simplex. Let   be the vector of initial guesses. Then, the initial simplex is 
constructed as follows: 
                                                             (2.3) 
where the   ’s (for        ) are N unit vectors and   is a constant that depends on 
the problem’s characteristic length scale. Sometimes, different values of   can be set 
for each vector direction. The algorithm evaluates the objective function fitness at each 
point of the initial simplex and stores its fitness values in a vector ζ.  
 The downhill simplex method takes now a series of iterations. The initial 
algorithm proposed by Spendley et al. (1962) only let the simplex to take reflection 
moves. Firstly, the algorithm looks for which point is the least desirable (i.e., the worst 
point), the next-to-least desirable (i.e., the next-worst point) and the most desirable 
(i.e., the best point), in the simplex. Also, the centroid (  ) of each surface of the 
simplex is derived. The worst point found is reflected through the centroid of the 
opposite face. If this reflected vertex is still the worst vertex among the simplex, then 
the next-worst vertex is selected and the reflection process is repeated. In Fig.2.2, I 
show a sequence of consecutive reflections illustrative of this scenario.  
 Nelder and Mead (1965) proposed some additional moves in order to 
accelerate the search. They proposed to add expansion and contraction moves 
(Fig.2.3) to deform the simplex in a way that it can be better adapted to the features of 
the objective function. So, after reflecting the worst point through the centroid of the 
opposite surface, the algorithm has to decide what will be the next move. Let    be the 
reflected point.  
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So:  
a) If the objective function value at    is better than the best point in the simplex, 
then the reflection took the simplex to a good search region. In this case, an 
expansion takes place along the direction from the centroid to the reflected 
point. This expansion is controlled by a factor  , called by expansion coefficient.  
b) If the objective function value at    is worse than the worst point in the simplex, 
then the reflection took the simplex to a bad search region. In this case, a 
contraction takes place from the centroid to the reflected point. This contraction 
is controlled by a factor β, called the contraction coefficient. Usually β is set to a 
negative value. 
c) If the objective function value at    is better than the worst point and worse than 
the next-to-worse point of the simplex, then a set of contractions take place until 
β is made positive.  
 
Fig.2.2 – A sequence of reflections    (         ), each of which failed to replace the best vertex   , bringing the simplex to its 
starting sequence. Source: Lewis, R. et al. (2000). 
The new point replaces the worst point in the simplex and the algorithm keeps 
going with the new simplex. 
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Fig.2.3 – Left: Original simplex with a reflection, expansion and two possible contractions. Right: Shrink step towards the best 
vertex   , when all the other moves failed. Source: Lewis, R. et al. (2000). 
Since the 60’s, this method has become the most popular among the direct 
search methods and had suffered several improvements. 
 Press et al. (2007), present an implementation of the simplex method, in a 
subroutine coded in C, called amoeba. In this implementation, the initial simplex should 
be created as before. Then, in the next steps, the amoeba will move the simplex until it 
finds the highest point through its opposite face, by successive reflections. They will 
conserve the volume of the simplex and will maintain its nondegeneracy. When a valley 
is found, the method contracts itself and executes consecutive moves across the valley 
until it reaches the lowest point (i.e., the minimum of the valley). The basic moves 
conducted by the amoeba subroutine are summarized in Fig.2.4.  
But, as in any minimization method, the stopping criterion is a delicate business. 
In this case, the routine is set to stop when the objective function value is inferior to a 
given tolerance ftol or when the maximum number of allowed iterations is reached. 
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Fig.2.4 – Sequence of possible moves executed by the Downhill Simplex method. The initial simplex, here a tetrahedron, is shown 
on top. Possible simplex moves: (a) reflection away from the highest point. (b) a reflection and expansion away from the highest 
point. (c) a contraction along one dimension from the highest point. (d) a contraction along all dimensions to the lowest point. 
Source: Press et al. (2007).  
2.1.3. Rosenbrock’s method 
 Rosenbrock, H. (1960) proposed a method with adaptive sets of search 
directions. This algorithm approximates a gradient search, merging the best strategies 
of both zero and first order methods.  
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In the first iteration of the method, a search is conducted according to the 
directions of the base vectors of a N-dimensional space. If the search is a success, 
which means that a new minimum of the objective function was found, the step width is 
increased. Otherwise, the step width is decreased and the search will be conducted in 
the opposite direction. As soon as a success is found and exploited in each base 
direction, the coordinate system is rotated in order to make the first base vector 
pointing into the direction of the gradient. This is usually done through the Gram-
Schmidt orthogonalization procedure, which can be very time consuming as the 
number of dimensions increases. At this time, all step widths are initialized and this 
process is repeated using the new rotated coordinate system, until the minimum of the 
objective function is found. The Rosenbrock’s method can become very unstable in 
some extreme cases, leading to its premature failure. However, adapting the search 
directions by taking into account what the method learnt about the objective function in 
each stage may be very fruitful. 
 In Fig.2.5, I show the way that Rosenbrock’s method works. Also, all the new 
iterations are marked with a square. In each new stage, the method has available the 
search directions. 
 
Fig.2.5 – Rosenbrock’s method in action. Source: Lewis, R. et al. (2000). 
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It is important to notice how quickly the method adapts itself to the narrow valley 
(Fig.2.5). Clearly, the initial three stages show a failure in the search directions. Indeed, 
in the following steps, the algorithm converged to the minimum of the narrow valley. 
2.2. Conjugate direction methods: Powell’s quadratically convergent 
method 
Any objective function f can be approximated by its Taylor series, at a given 
point P with coordinates x, as follows: 
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                                                           (   ) 
where     ( ),      |  and [ ]    
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. Note that the matrix A is also called 
as the Hessian matrix of the objective function evaluated at a given point P.  
 The gradient vector of a quadratic form (2.5) is defined as: 
  ( )  
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                                                               (   ) 
 The gradient is a vector field, which at a given point P, points towards the 
direction of the greatest increase of the objective function f. If A is a symmetric matrix, 
then the gradient of the objective function is defined as: 
  ( )                                                                    (   ) 
The objective function f can be minimized, by setting   ( )   . So, by other 
words, is aimed to solve a linear system of equations, defined as: 
                                                                           (   ) 
or, 
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where A is a     matrix and is defined positive (which means that for any nonzero 
vector x,       ) and x and b are both     vectors.  
 However, how does the gradient of the objective function f changes across 
some direction? 
 (  )    (  )                                                            (    ) 
 Let us suppose that we moved across a direction of a vector u and now we 
attempt to move across another direction v. So, from equation (2.10): 
     (  )                                                              (    ) 
 According to equation (2.11), u and v are called conjugate vectors. A set of this 
kind of vectors is called conjugate set.  
 Powell, M. (1964) introduced a direction set method, which produces a N 
mutually conjugate directions. The basic idea of this method is quite simple. Firstly, 
define a basis of vectors   : 
                                                          (2.12) 
 Then, loop until the objective function stops decreasing: 
1. Let    be the starting point.  
2. For        , move from      to    across the direction   . 
3. For        :        . 
4. Define         . 
5. Move    to the desired minimum, across the direction    and denote    as the 
new point found. 
According to Powell, M. (1964), this procedure does a good job in finding the 
minimum of a quadratic form, as defined by equation (2.5). However, the Powell’s 
method as it was described above, has a problem: the substitution of    by      , can 
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create a sets of directions which are linearly dependent. As a consequence, this leads 
the method to give a wrong answer. This linear dependence can be avoided by 
different ways.  
Press et al. (2007) presents a modified version of the Powell’s method. It takes 
the       as being the new direction. In the case of a valley in which its long direction 
is changing slowly, the       direction will perhaps give a good run across the new 
long direction. The change introduced in the Powell’s method is to discard the old 
direction across which the objective function f made its largest decrease. This change 
in the procedure helps to avoid the linear dependence. However, sometimes it is better 
to not add a new direction. So, how does the algorithm decides whether to add or not a 
new direction? 
For this purpose, set     (  ) ,     (  )  and     (      ) , where 
   represents the function value at a given “extrapolated” point found across the new 
direction. In addition, let    be the magnitude of the largest decrease across a certain 
direction. So: 
1. If      , then keep the old set of directions for the next procedure, as the 
average direction       is discarded.  
2. If  (         )[(     )    ]
  (     )
   , then keep the old set of 
directions for the next procedure, as: 
a. The decrease across the average direction was not mainly due to a 
simple direction’s decrease. 
b. There seems to be a significative second derivative across the average 
direction and which appears to be close to the minimum. 
This modified version of the Powell’s method was coded in C language and 
presented by Press et al. (2007). The routine is called powell.c. The inputs to the 
routine consist of: a N-dimensional starting point; a     matrix, whose columns are the 
initial set of directions; a given tolerance ftol. The output consists of: a point P, which is 
the best point found; a vector   , which is the current direction set; fret, which is the 
objective function value evaluated at P; iter, which is the number of iterations taken. 
This routine makes use of a line minimization, also described in Press et al. (2007). It is 
a subroutine called linmin and uses methods of one-dimensional minimization, such as 
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the Brent method [Brent, R. P. 1973]. Further details about the implementation of this 
line minimization, and of the one-dimensional minimization methods are available in 
chapter 10, sections 10.5 and 10.1-10.3 of Press et al. (2007), respectively. 
2.3. Conjugate Gradient methods: The Fletcher-Reeves algorithm 
Conjugate gradient methods are usually applied to solve systems of linear 
equations, with positive definite coefficient matrices, being an alternative to the 
Gaussian elimination. In this section, I will describe how conjugate gradient methods 
can be adapted to solve nonlinear optimization problems.  
 Conjugate gradient methods can be regarded as somewhat in between 
steepest descent and Newton's method, combining the strengths of each one. The 
main idea of the steepest descent method is to start at a certain point    and then 
move from    to      by minimizing across the line from    in the direction of the 
gradient of objective function at   . However, this method performs many small steps in 
going down along a narrow valley. For this reason, it is not described here. Nocedal, J. 
and Wright, S. (1999) provide a good discussion about the conjugate gradient 
methods. The key features of the nonlinear conjugate gradient optimization methods 
are that they do not need matrix storage and are faster than steepest descent methods.  
The most fashion minimization method among the conjugate gradient methods 
is the Fletcher-Reeves algorithm. Press et al. (2007) gives a good general overview 
about this method. It is a little modified version of the conjugate gradient method. 
Suppose that it is aimed to minimize a quadratic objective function, as defined by 
equation (2.5), through this method. Firstly, an arbitrary initial vector    is given. Set 
     . The method will construct two sequences of vectors, through the following 
recurrence system: 
{
               
              
                                          (2.13) 
where            , and: 
   
     
       
                                                            (    ) 
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                                                           (    ) 
 The recurrence system defined by (2.13) is a sparse system which the 
conjugate gradient method has to solve. Note that vectors    and    satisfy the 
orthogonality and conjugacy conditions: 
                                                                         (    ) 
                                                                     (    ) 
                                                                         (    ) 
 Conditions (2.16), (2.17) and (2.18) hold when    . 
 But, how can we apply the conjugate gradient method to minimize a quadratic 
objective function if the Hessian matrix A is unknown? This problem can be avoided, 
according to the following theorem: 
1. Firstly, let us assume that we know       (  ), for a certain point    and 
where the objective function f is similar to equation (2.5).   
2. Secondly, let us suppose that we move in the direction of   , starting from   , to 
a local minimum localized at a certain point      and then set         (    ).  
Hence, the vector      is the same as the one defined in (2.13), accessed 
without knowing the Hessian matrix A. 
 To prove this theorem, consider again equation (2.7). So: 
                                                                     (    ) 
where λ is chosen in  a way that can bring us to the line minimum. However, at the line 
minimum: 
                                                                  (    ) 
 So, from (2.20) and (2.19), it is obtained the same equation defined in (2.14): 
   
     
       
                                                           (    ) 
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 Indeed, the latter theorem is now proved. 
Polak and Ribière proposed a new recurrence formula to derive   : 
   
(       )      
     
                                                    (    ) 
Press et al. (2007) provides an implementation of this method in C. In the next 
section, I will describe the Fletcher-Reeves algorithm. 
2.4. Quasi-Newton Methods 
Quasi-Newton methods are based on the Newton method to derive a stationary 
point (i.e., a point where the gradient of the objective function f is zero). In this type of 
methods, the Hessian matrix is approximated through the analysis of a set of 
successive gradient vectors.  As Quasi-Newton methods do not need the computation 
of second derivative terms, they tend to be computationally more efficient than the 
Newton method. Indeed, the computation of the Hessian matrix can be computationally 
expensive. 
 In 1950, the physicist W. C. Davidson at the Argonne National Laboratory was 
using the steepest descent method to solve a numerically expensive problem. At that 
time, CPUs were archaic when compared to the ones used nowadays. In order to 
overcome this problem, he attempted to accelerate his optimization process by 
proposing the first minimization procedure, known today as a Quasi-Newton method. A 
historical overview about the Quasi-Newton methods are given by Davidson,W. C. 
(1991). Nowadays, the most common Quasi-Newton methods are the SR1 formula 
[Khalfan, H. F. 1993], the BHHH algorithm [Berndt, E., et al. 1974] and the BFGS 
algorithm [Broyden, C. G. 1970; Fletcher, R. 1970; Goldfarb, D. 1970; Shanno, D. F. 
1970]. 
 Nocedal, J. and Wright, S. (1999) provide a good overview about the Quasi-
Newton methods. In the next section, I will present the most popular Quasi-Newton 
algorithm: the BFGS algorithm.  
 
FCUP 
Optimization methods applied to Stellar Astrophysics 
51 
 
 
2.4.1. The BFGS algorithm 
 The BFGS algorithm was independently proposed by Broyden, Flecther, 
Goldfarb and Shanno. Press et al. (2007) present a good description of this method 
and also provide a C implementation. Following his book, the basic idea of the BFGS 
method is to iteratively construct a good approximation of the inverse Hessian matrix 
   , instead of directly compute it. Or, by other words, construct a sequence of 
matrices,   , with the following property: 
      
                                                                     (    ) 
 Consider that it is aimed to minimize a certain objective function f, through the 
Newton’s method. In the neighborhood of a certain point   , the objective function f can 
be approximated by the Taylor series, as follows: 
 ( )   (  )  (    )    (  )  
 
 
 (    )    (    )              (    ) 
So,   ( )    (  )     (    ) (    ). Setting   ( )     from the Newton’s 
method, it is obtained that:  
       
     (  )                                                    (    ) 
where        accumulates the information of the Hessian matrix. The main idea is to 
iteratively approximate    in such a way that it remains positive definite and symmetric. 
In regions far from the minimum, it guarantees that it will move in a downhill direction to 
the desired minimum. However, how should the matrix    be iteratively updated?  
This can be done through the so-called DFP formula4 with an additional term. It 
is defined as follows: 
        
(       )  (       )
(       ) (         )
 
[   (         )]  [   (         )]
(         )    (         )
 [(         )    (         )]                                                          (    ) 
 
                                                          
4
 It is named after William C. Davidson, Roger Fletcher and Michael J. D. Powell. The derivation of this 
formula is presented in Polak, E. (1971). 
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where u is defined as: 
  
(       )
(       ) (         )
 
   (         )
(         )    (         )
              (    ) 
 The recurrence formula is obtained by subtracting equation (2.26) at     , from 
the same equation at   : 
         
   (         )                                             (    ) 
where       (  ) and         (    ).  
So, if the step from    to      is accomplished, it is aimed that the new 
approximation      will satisfy (2.29), as if it was  
  . So: 
             (         )                                            (    ) 
where      is updated iteratively by equation (2.27). 
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3. Stochastic Optimization Methods 
 Many of the deterministic methods described in the previous chapter can 
prematurely converge to local minima of the objective function. One important 
difference between deterministic and stochastic methods is that stochastic methods 
can accept deteriorations of the objective function during the iterative process. This 
process can guarantee that stochastic methods are able to avoid local minima and will 
converge to the desired global minimum. Their convergence is independent of the 
starting point. In the case, where the topology of the objective function is unknown, an 
implementation of a stochastic method seems to be more appreciable. However, the 
convergence of stochastic methods may be slow.   
 Stochastic optimization techniques are used in a large number of areas, such 
as aerospace, medicine, transportation, finance and others. They are easy to 
implement and are stable in convergence to the global minimum. However, they 
usually require a high number of objective function evaluations. But, due to several 
advances in parallel computing environments, stochastic strategies are becoming the 
most popular minimization methods among the world of optimization.  
The origin of stochastic algorithms is inspired in analogies like the heating and 
cooling of materials in order to reach their equilibrium structure or on the evolution or 
behavior of species. For example, genetic algorithms imitate the evolutionary behavior 
of species. Simulated annealing takes the advantage of the analogy of a cooling 
scheme of materials. Particle Swarm Optimization imitates the social behavior of a 
flock of birds or a school of fish. A detailed description of stochastic search and 
optimization techniques is given by Spall, J. C. (2003).  
 This chapter is divided into three subsections, where I will describe the following 
stochastic methods:  
 Simulated Annealing (3.1) [Kirkpatrick, S. et al. 1983]; 
 Genetic Algorithms (3.2) [Goldberg, D. E. 1989]; 
 Particle Swarm Optimization (3.3) [Eberhart, R. C. and Kennedy, J. A. 1995]; 
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3.1. Simulated Annealing 
 Simulated annealing (hereafter reported as SA) was initially proposed in the 
50’s, based on the analogy of the cooling of a substance. This cooling scheme is 
controlled by a control parameter called temperature, which is introduced to avoid local 
minima. At high temperatures, molecules have high mobility. However, as the 
temperature decreases, molecules start to lose mobility and may tend to align 
themselves in a crystal structure. This structure represents the lowest energy state. On 
the other hand, if the substance is cooled too quickly (“quenching”), it will not reach an 
equilibrium state and small irregularities will appear in the crystal lattice, leading to an 
associated high-energy state, called metastable. Hence, the substance must be slowly 
cooled so that the minimal state energy can be reached (ground state).  If the cooling 
scheme is sufficiently slow, the system has time to explore different regions in the 
space parameters.  
 In optimization, the lowest energy state of the substance corresponds to the 
global minimum of the objective function f. As in the cooling of physical systems, the 
SA also allows temporarily increases in the objective function value, providing to the 
method a better knowledge of its behavior. The probability that the objective function 
may temporarily reach higher values is controlled by the Boltzmann-Gibbs probability 
distribution. Indeed, this is the heart of the SA minimization method. The probability of 
a particle to be at a given energy level E, is given by: 
    
 
 
                                                                      (   ) 
where    is the Boltzmann constant and T is the temperature. Indeed, the probability 
that the method may suffer an uphill movement decreases, as the temperature 
parameter also decreases. This probability distribution also allows the SA method to 
skip local minimum with a nonzero probability value and to converge to the desired 
global minimum. 
 As quoted by Press et al. (2007), Metropolis was the first to introduce the 
Boltzmann-Gibbs distribution in numerical analysis in 1953, through simulations of a 
system at a fixed temperature T. Let us consider that the system is at a current state of 
energy, denominated by       . If some aspects are changed in the system so that it 
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can reach a new state of energy, denominated by     , the Metropolis simulation 
accepts this new state of energy if            . Otherwise, the probability of the 
system to go to this new state of energy is given by: 
     (
            
    
)                                                       (   ) 
 Equation (3.2) is also known as the Metropolis criterion. After a large number of 
decisions have been made, the system will eventually reach an equilibrium state, 
where the system state is governed by the Boltzmann-Gibbs probability distribution 
(3.1).  
 The choice of the cooling scheme is of crucial importance. Press et al. (2007), 
discuss a cooling scheme where T decreases geometrically with the number of cooling 
phases. They introduced a parameter   ]   [ so that the old temperature is related to 
the new temperature, by the following expression: 
                                                                          (   ) 
 Also, Hajek, B. (1988) presented another cooling scheme, where T decreases 
at a proportional rate to      ( )⁄ , where k is the iteration index. Szu, H. and Hartley, R. 
(1987), discussed a cooling scheme where T decreases faster at a proportional rate to 
 
 ⁄ .  
 The SA algorithm can be summarized as follows: 
1. Set the initial value for the control parameter     ; 
2. Set     and the initial value      ; 
3. Introduce a small perturbation in the system state:         . Then, compute 
the change in the objective function value:     (     )   (  ). 
4. Generate an uniformly distributed random number µ in the interval [0,1]; 
5. If       ( 
  
 ⁄ ) and accept the new state;  
6. Set      . If         return to step 3 or otherwise go to step 7; 
7. Lower the control parameter. Here, the geometrical approach discussed by 
Press et al. (2007) will be picked up. So            . 
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8. If         then stop.  
9. Set     and return to step 3. 
To use the SA algorithm some aspects must be provided: 
 A description of possible system configurations; 
 A random changes generator in the system configuration; 
 An objective function E (or, equivalently in the notation introduced in this thesis, 
f) which is aimed to be minimized; 
 A control parameter T and an annealing schedule; 
The SA annealing procedure is easy to implement. However, its convergence 
may be slow and may depend on the cooling scheme.  
The SA algorithm was the first to solve the travelling salesman problem, for 
finding the shortest itinerary among the N cities that he has to visit. Press et al. (2007) 
and Spall, J. C. (2003) present a description of the travelling salesman problem as a 
combinatorial minimization problem.   
Press et al. (2007) provides a modified version of the downhill simplex method 
described in the last chapter, with an implementation of a cooling scheme similar to the 
one of the SA. In the next section, I will describe this modified version of the downhill 
simplex method, presented by Press et al. (2007). 
3.1.1. Modified Downhill Simplex method with a cooling scheme 
 Press et al. (2007) present a modification of the Downhill Simplex method, 
described in the last chapter, to do a continuous minimization through the usage of the 
simulated annealing. Just to recall,  ( ) is the objective function aimed to be minimized 
and   is an N-dimensional vector. In their modifications, firstly, they replaced the 
description of the system state   by a simplex of     points. The allowed “moves” for 
the simplex are the same as described in the last chapter, which includes reflections, 
expansions and contractions. Also the Metropolis procedure is implemented, by adding 
a positive logarithmically distributed random variable, proportional to the temperature T, 
to the function value of each vertex of the simplex and then subtracting a similar 
random variable to each function value of each new vertex that is attempted to replace 
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an old one. As in the simulated annealing procedure, this modification made to the 
downhill simplex method also accepts uphill movements. When    , this new 
implementation reduces to the old simplex method and will later converge to the 
desired global minimum.  
 Initially T is set as a finite value, allowing the simplex to expand until it reaches 
an approximately size of the region, which can be reached at this temperature. Then, 
the simplex executes a stochastic tumbling Brownian motion within that region. In this 
process, if the cooling scheme is sufficiently slow, the simplex will converge to a region 
which contains the lowest relative minimum encountered. Indeed, as it was discussed 
above, all applications of the SA procedure is strongly dependent on the chosen 
cooling scheme.  
Press et al. (2007), present an implementation of this SA procedure combined 
with the Downhill Simplex method in C, called amebsa. The way that amebsa works 
has to be compared with the way of amoeba. It is important to note that the variable iter 
is used in a slightly different way. To call the amebsa routine, it is needed to define the 
initial simplex (as in the amoeba routine) and an initial high temperature value. In 
addition, it is also needed to set how the temperature is cooled down during the SA 
procedure. 
3.2. Genetic Algorithms 
 The Genetic Algorithms (hereafter, reported by the acronym GA) are inspired in 
the Darwin’s theory of evolution. The first notation and formalism of the actual GA was 
firstly introduced by John Holand and his colleagues, in their seminal monograph called 
Adaptation in Natural and Artificial Systems. A good description about GA is provided 
Spall, J. C. (2003), chapter 9. The early bible of GA is always referred to the book of 
Holland, J. H. (1975). 
GA is the most popular method of a class of stochastic search and optimization 
methods called evolutionary algorithms (also reported in the literature by the acronym 
EC). EC methods are built based on mathematical emulation of natural evolution. GA 
are based in three simple operations: crossover, reproduction and mutation. The main 
difference between GA and the minimization methodologies described so far, is that 
GA work with a potential population of solutions to the problem. A potential solution is 
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also called by chromosome. GA consider different populations of possible solutions 
which attempts to minimize the objective function. If the GA is successful, the 
population of possible solutions will converge to the global minimum after some 
iterations. In Fig.3.1, I illustrate this situation, for a population size of 12 with a problem 
dimension    .  
 
Fig.3.1 – Successful running of the GA, for minimizing a 2-dimensional objective function, with a population size of     . The 
initial cluster of possible solutions converged to the global minimum after some iterations. Source: Spall, J. C. (2003). 
 The basic idea of any EC can be summarized as follows: 
1. Initialization: set an initial population of possible solutions with a given 
dimension and evaluate the fitness of each member of the population. Then, 
encode all the elements in such a way that can be convenient for the algorithm 
operations. The encoding procedure is performed through the binary coding 
(0,1). 
2. Mixing: mix the elements of the current population, according to the basic 
principles of EC and produce a new set of population values.  
3. Evaluation: evaluate the performance of the new population values. If the 
convergence criterion is satisfied, then terminate the algorithm. 
The basic genetic operators used to produce a new generation from the current 
one, are: recombination (or crossover), reproduction and mutation. 
Recombination is usually done by some kind of crossover. This process may be 
very efficient in binary coded strings (i.e., binary coding (0,1)). A probability of 
crossover,   , is set to whether determine if the crossover takes place or not. If no 
crossover operation takes place, then the two descendent generations are clones of 
their parents. Otherwise, the descendent generations are produced by some 
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interchanges among the chromosome structure of their parents. In Fig.3.2, I illustrate 
this methodology for a nine bit representation of chromosomes. 
 
Fig.3.2 – Crossover operator under bit coding. Case A: One crossover point randomly chosen, where the bits appear divided into 
two sections, after which the chromosomes are interchanged. Case B: Two crossover points randomly chosen, dividing the bits into 
three sections and where only the middle section is interchanged. Source: Spall, J. C. (2003). 
 In the selection process of two chromosomes for recombination, the GA can 
make use, for example, of the so-called roulette wheel selection5. In this process, for 
each chromosome is assigned a fitness value to the objective function. This fitness 
value is used to associate a probability selection value to each chromosome. During 
the selection process, chromosomes with higher fitness value are less likely to be 
eliminated. There is also a chance that some of the worst chromosomes will survive the 
selection process. They can be an useful component, following the recombination 
process. There are others selection techniques, which can be used, such as, stochastic 
universal sampling [Back, T. 1996].   
Reproduction is defined by a step where the parent configuration is passed to a 
descendent configuration without any change. As it also occurs in natural evolution, 
each member of the population can contribute to the improvement of the descendent 
population. In the EC, the members with high fitness value are better candidates to do 
so. The roulette wheel selection can also be used to select chromosomes candidates 
for reproduction (mating selection). 
                                                          
5
 Roulette wheel selection is also called by fitness proportionate selection. 
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But, before the new chromosomes are allowed to become official members of 
the descendent generation, they undergo a bitwise mutation. During this process, 
chromosomes are randomly changed. This process has to be achieved by the GA, as 
the initial population may not contain encoded information rich enough to find the best 
solution through only crossover operations. In Fig.3.3, I show an example of a mutation 
process in the third bit for the first child chromosome. This mutation process can help 
to avoid local minima of the objective function, during the iterative process.  
 
Fig.3.3 – Mutation process affecting the third bit for the first child chromosome, in a binary coding. Source: Spall, J. C. (2003). 
 The GA has many different ways of implementing. For that reason, there is no 
“standard” form. Hereafter, the basic steps of the algorithm described by Holland, J. H. 
(1975), chapter 6, will be stated out. The core of the GA steps can be summarized as 
follows: 
1. Generate the initial population and evaluate the fitness of each member of the 
population; 
2. While the convergence criterion is not satisfied, do: 
a. Select the parents from the actual population according to their fitness, 
where the ones which have higher fitness value will be selected more 
often; 
b. Perform crossover operations between parents. Crossover operations 
will occur at a given probability   . If no crossover takes place, then 
create two forms of offspring which are clones of the two selected 
parents.  
c. Let replacement and mutation operations take place. Initially replace the 
remaining chromosomes from the previous generation, by the new 
population created through the crossover operation. Also, choose the 
best individuals among the population to allow mutation operations to 
take place. 
 GA may do a good job in finding the global minimum, where others fail. 
However, its convergence may be slow and it may be difficult to tell at the beginning if 
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the method is capable of working well, when facing a new problem. Also, to apply the 
GA procedure, is necessary to build a model of genes, breeding and mutations. 
However, GA have been applied to solve complex optimization problems, among many 
areas, from physics and astrophysics to biology and economy.  
 There is an implementation of the GA, called PIKAIA, available online at 
http://www.hao.ucar.edu/modeling/pikaia/pikaia.php#sec2. The code is written in 
Fortran 77 and is designed to be easy to implement. The PIKAIA implementation of the 
GA is aimed to maximize a given objective function. However, it can also be adapted to 
solve minimization problems. A User’s Guide of PIKAIA can be obtained online from its 
web page, available at: http://www.hao.ucar.edu/public/research/si/pikaia/tutorial.html.  
3.3. Particle Swarm Optimization 
 Swarm systems are a rich source to develop computational optimization 
methods, which can solve difficult problems efficiently and reliably. The abilities of 
swarms to solve problems in nature are usually ascribed to swarm intelligence. The 
swarm systems potentials lead to the development of several optimization techniques 
among science and industry. One of the best developed swarm based techniques is 
the Particle Swarm Optimization (hereafter reported by the acronym PSO), which is a 
stochastic optimization technique developed by Kennedy, J. and Eberhart, R. C. 
(1995). It is inspired by the social behavior of bird flocks or of a fish school, looking for 
food. A detailed description of PSO social and computational paradigms is given by 
Kennedy, J. et al. (2001). Poli, R. et al. (2008) gives a good overview about the fields 
where PSO has been applied as an optimization method, over the last few years.  
PSO share many similarities with the GA, described in the previous section. The 
method is started with a random population of solutions and the search for the global 
minimum is done by adapting generations. However, PSO does not allow crossover 
and mutations among generations. In the PSO method, the potential solutions, denoted 
by particles, are initially placed in the space parameters where the objective function is 
defined. Also, the fitness of each particle is evaluated at its current location. Then, each 
particle determines which step to take next, based on some aspects relative to the 
historical background of its own fitness with those of one or more members of the 
swarm. The movement of each particle through the space parameters occurs at a 
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given velocity, which is derived by the locations and processed fitness values of those 
other members, besides with some random perturbations.  
 PSO includes some tuning parameters which influence the algorithm 
performance, usually quoted by exploration-exploitation tradeoff [Trelea, I. O. 2002]. 
Exploration is defined as the ability of the algorithm to test several space regions in the 
search for the global minimum. Exploitation is defined as the ability to focus the search 
in a promising region, where a promising candidate solution may be found.  
 If the minimization problem is a N-dimensional problem, then the velocity and 
position of each particle may be assigned by a N-dimensional vector. Then, the velocity 
of each component,     is defined as [Poli, R. 2008]: 
  (   )     ( )      (      ( ))      (      ( ))                 (   ) 
where     represents the previous best position of the i-th particle;     represents the 
best position of the i-th particle ever found during the swarm;   ( ) represents the ith 
component of current location of the particle;    and    represent two independent 
random variables uniformly distributed in the range between 0 and 1;    and    are 
constants, also known as acceleration coefficients, which control the relative proportion 
of cognition and social interaction in the swarm;   represents the inertia weight. 
According to Poli, R. et al. (2007) the inertia factor can be seen as a resistance to the 
particle’s movement or, indeed as the fluidity of the medium where all particles of the 
swarm are moving. If   is initially set with a high value (e.g., 0.9), it corresponds to a 
system where the swarm particles move in a low viscosity medium and proceed an 
extensive exploration of the parameters space. If   is initially set with a low value (e.g., 
0.4), the system would be more dissipative and exploitative and the global minimum 
will be achieved with a better performance of the algorithm. It is also possible to initially 
set the inertia factor for values    , but this would make the swarm unstable.  
 Poli, R. et al. (2007) propose an alternative formula to update the velocity, in 
each iteration: 
  (   )    (  ( )      (      ( ))      (      ( )))             (   ) 
FCUP 
Optimization methods applied to Stellar Astrophysics 
63 
 
 
where k is called as the constriction coefficient or convergence factor [Clerc, M. 1999] 
and is defined as follows: 
  
 
|    √     |
                                                             (   )  
where          . Usually   is equal to 4.1, so that k is equal to 0.729. The 
experimental results indicate that the PSO with the convergence factor is faster 
converging than the PSO with the inertia factor. 
 Equations (3.6) and (3.7) are used independently for each dimension of the 
problem, but synchronously for all particles.  
 According to Poli, R. (2008), the position of each particle is updated at each 
time step, by the following equation: 
  (   )    ( )    (   )                                                  (   ) 
 The pseudo-code of the PSO algorithm can be quoted as follows [Poli, R. et al. 
2007]: 
1. Initialize the population array of particles with random positions and velocities 
on a N-dimensional space.  
2. Define the test convergence. While the convergence criterion is not satisfied, 
loop: 
a. For each particle, evaluate the desired optimization fitness function in a 
N-dimensional space.  
b. Compare the particle’s fitness evaluation with its own best. If the current 
value is better than its own best, then set the current value to its own 
best. Also update its current position in the N-dimensional space. 
c. Identify the best particle in the neighborhood, which seem to be the best 
success and index it. 
d. Update the velocity and position of the particle according to equations 
(3.6) and (3.7). 
There are also some open issues related to the PSO procedure, pointed out by 
Poli, R. et al. (2007). PSO can in some cases, suffer from a premature convergence 
and a slow-down of the swarm when it is arriving closer to the minimum. Also, there are 
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some concerns about particle selection and movements. Better performing particles 
may be frequently more updated than others. Or, on the other hand, resources can be 
concentrated on badly performing regions, so the population can be improved as a 
whole. Also, the interactions between particles have been subject of different 
approaches, as the use of spherical particles, sliding particles, quantum effects and 
others. Swarm adaptations consist in the addition and removal of particles and tuning 
of any of the PSO’s parameters. Touching this subject, the main goal is to find a 
completely adapting parameter-free optimizer.  
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4. Implementation procedure of optimization 
methods and Results 
 In this study, I aim to implement and test optimization methods that can be 
applied to the procedure described in chapter 1, to derive stellar parameters. For this 
purpose, I will describe in this chapter the strategies and applied optimization methods 
to the problem described.  
 This chapter is divided into six sections. Firstly, in section 4.1, I will describe the 
objective function and the existing default implementation of the downhill simplex 
method to the described problem. The existing default version is coded using Fortran 
77. In section 4.2, I will describe the sample used to test the implementations of the 
applied optimization methods. This sample consists of 451 stars in the HARPS GTO 
planet search program, for which Sousa et al. (2008) derived their stellar parameters. 
In section 4.3, I will describe the implementation of deterministic optimization methods 
and I will also present the obtained results. In particular, I will discuss the 
implementation of the Amoeba and Amebsa methods provided by Press et al. (2007). 
In section 4.4, I will describe the implementation of the Particle Swarm Optimization 
(PSO). Also, I will present and discuss the obtained results. In section 4.5, I will discuss 
the implementation of the combination between stochastic and deterministic methods. 
In particular, I will test the combinations between the Particle Swarm Optimization and 
the following deterministic methods: Amoeba; Amebsa; Powell. I will also provide a 
discussion for these implementations. Finally, in section 4.6, I will provide an analysis 
of the convergence rates and times for the implementations referred above, except for 
the combination between the Particle Swarm Optimization and the Powell method.  
4.1. Objective Function and the Amoeba 
implementation default version 
 Stellar parameters can be derived by taking into account the ionization and 
excitation equilibrium. As I already quoted in chapter 1, the best values of stellar 
atmospheric parameters are found, when the slope deviations shown in Fig.1.8 are 
FCUP 
Optimization methods applied to Stellar Astrophysics 
66 
 
 
typically 0. Hence, the objective function needs to summarize all of the conditions 
stated above. Actually, they can be summarized in a variable called    and can be 
defined in the following way: 
       
      
      
                                           (4.1) 
where w1, w2 and w3 (            ) are considered weight factors, which are fitted 
according to the model. c1 and c2 were introduced in chapter 1, section 1.2.2, as being 
the slopes of the correlation between the FeI lines abundances from individual lines 
versus the excitation potential and of the correlation between the FeI lines abundances 
from individual lines versus the reduced EW. In addition,    [
   
 ⁄ ]  [
    
 ⁄ ] is a 
term related to the ionization equilibrium. 
 The weight factors              were adjusted by several experiments and 
tests. This was achieved by iteratively running MOOG and consequently derive the 
stellar parameters for several F-, G- and K-type stars. Replacing these values in the 
equation (4.1), we obtained that: 
          
        
    
                                          (4.2) 
where c1, c2 and c3 are the same variables defined above. 
 The next step is to construct a routine that minimizes the objective function 
defined by equation 4.2. For this purpose, an already existing routine was coded using 
Fortran 77. This routine receives as input a list of files (namely star_file), which contains the 
measurements of the EW of the iron lines present in each star. These input files contain the 
measurements of the EW’s of the iron lines. In Fig.4.1 is summarized the basic 
procedure of the routine, which assumes as initial guess the default parameters of the 
Sun: 
              ( )           
                 [
  
 
]                 (   ) 
Initially, also set an iterative variable               , which will count the 
number of times that the routine call the downhill simplex minimization method.  
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The next step is to construct the initial simplex around the initial guess, referred 
above. For this purpose, generate 4 random points, in the following region around the 
initial guess: 
             ( )          
                                             (   ) 
These 4 points will define the vertex of the initial simplex. Also evaluate the 
fitness of the objective function in each vertex of the simplex.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4.1 – Flowchart of the Amoeba implementation default version. 
Initial guess: 
     = 5500;     ( )  = 4.4; 
   = 1.0; [    ]  = 0.0; 
 
Construct the initial simplex; 
Derive the the   -value in each point of the simplex;   
 
CALL AMOEBA 
Amoeba_Calls +1; 
Define a new set of 
initial stellar 
parameters; 
 
Not converged to the solution. 
Create an output file: 
OUT_MOOG_LINES.b.(Star HD) 
 
Solution found. 
Create an output file: 
OUT_MOOG_LINES.(Star HD) 
 
If Amoeba_Calls < 5: 
 
Converged? 
Yes 
Yes No 
No 
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The next step is to call the Amoeba minimization method and let it do the job. 
The output consists of: a new set of stellar parameters; the slopes of MOOG and the 
difference of abundances.  
So, if    0.001,    0.002 and    0.005, the desired solution was found and 
the routine creates an output file namely out_moog_lines.(Star HD) and move to the 
next star. Otherwise, set:      to the new derived value of the effective temperature; if 
the new derived value of the surface gravity is equal or inferior than 4.8, set     ( ) to 
this new derived value, or otherwise, set     ( )     ; if the new derived value of the 
microturbulence is equal or greater than 0.7, then set   to this new derived value, or 
otherwise, set ζ     ; [    ]  to the new derived value of the metallicity. If 
              , then reconstruct the simplex around the new set of stellar 
parameters, as above. Evaluate the fitness of the objective function in each vertex of 
the simplex and recall Amoeba again. On the other hand, if               , the 
desired solution was not found and the routine creates an output file namely 
out_moog_lines.b.(Star HD) and move to the next star. This way, by looking at the 
output file name, it is possible distinguish if it has converged to the solution or not. I 
also summarize these steps in the diagram of Fig.4.1.  
 4.2. Sample of spectroscopic parameters for 451 
stars in the HARPS GTO planet search program 
The sample of stars selected for this study is the same of Sousa et al. (2008). 
The sample consists of 451 stars, for which a spectroscopic analysis was performed 
assuming LTE conditions and using the 2002 version of the code MOOG. Just to recall 
again, that stellar parameters and metallicities were derived by taking into account the 
EW’s of FeI and FeII weak absorption lines, excitation equilibrium and ionization 
equilibrium. The catalogue of the stellar parameters derived by Sousa et al. (2008), for 
all of these 451 stars, is available online at: http://vizier.cfa.harvard.edu/viz-bin/VizieR?-
source=J/A+A/487/373.  
In Fig.4.2, is represented the metallicity distribution of the sample of stars, 
ranging from around -1.0 dex to around 0.5 dex. The distribution has a mean value of     
-0.09 dex.  
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Fig.4.2 – Histogram of the metallicity distribution of the sample of stars. Source: Sousa et al. (2008). 
The linelist that I have used in this work is defined in Sousa et al. (2008). The 
final line list consists of 263 FeI and 36 FeII weak lines. In order to identify and remove 
the outliers, initially, Sousa et al. (2008) checked the stability of the lines. Since the 
effective temperatures of these stars range from ~4500 K to ~6400 K, several 
variations are expected for each line, due to blending effects. So, to identify the “bad” 
lines, Sousa et al. (2008) divided the sample into three subsamples of effective 
temperatures: Teff < 5300 K; 5300 K < Teff < 6000 K; Teff > 6000 K. As it is shown by the 
authors, for stars with an effective temperature lower than 5300 K, the offsets of these 
“bad” lines seem to be larger than in the other two cases. In addition, lines located at 
wavelengths inferior than 4500 Ǻ were also removed. For further details about the 
procedure to identify and remove the “bad” lines is explained in Sousa et al. (2008). 
4.3. Implementation of deterministic methods and 
Results 
 Initially, in this study, I attempted to implement and test deterministic methods to 
the described problem. In this section, I will discuss the implementation of the Amoeba 
and Amebsa routines, provided by Press et al. (2007), coded in C. The Amoeba routine 
is the same, as in the default version described in section 4.1, however the adopted 
methodology is different and the default code was optimized and programmed in C. I 
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have also tested both implementations by deriving the stellar parameters for the 
sample described in the last section.  
In addition, I will compare and discuss the derived results with the tabulated 
values, in this section.  
4.3.1. Amoeba 
 The Amoeba routine that I implement here, is similar to the one provided by 
Press et al. (2007), with only one small change. I adopted a methodology a bit different 
from the one of the default version, that I have described above in section 4.1.  
 The routine has an input a file called star_file, containing the names of the input 
files. These input files contain the measurements of the EW of the iron lines, made by 
ARES. Initially, the routine counts the number of files provided in the star_file, which 
corresponds to the number of stars that will be treated. Then, the routine will loop for 
each star. In Fig.4.3, I show a flowchart that summarizes the basic procedure of how 
this routine works for each star. 
In this new implementation, there are two possibilities for the initial guess: the 
user can provide an initial guess in the star_file, after the file name of the 
correspondent star. In this case, the first simplex will be constructed around the given 
initial point. Or, the user can decide to not provide an initial guess. If the user decides 
to not provide an initial guess, the routine takes as a new initial guess the following 
default parameters:  
               ( )          
                 [
  
 
]                   (4.5) 
In the next step, the routine explores the space of parameters to try to find the 
best point to construct the initial simplex. For that purpose, the routine generates n 
points, in the following region: 
              ( )          
                [
  
 
]                     (   ) 
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Fig.4.3 – Flowchart of the new implementation of the Amoeba optimization method. 
Initial guess: 
     = 5500;     ( )  = 4.4; 
   = 1.0; [    ]  = 0.0; 
Explore the space of parameters 
to find a better initial guess; 
N_Calls = 0; 
  
 
User defined initial guess; 
N_Calls = 0; 
Construct the initial simplex; 
Derive the the   -value in each point of the simplex;   
 
CALL AMOEBA 
N_Calls +1; 
Define a new set of 
initial stellar 
parameters; 
 
Not converged to the solution. 
Create an output file: 
OUT_MOOG_LINES.b.(Star HD) 
 
Solution found. 
Create an output file: 
OUT_MOOG_LINES.(Star HD) 
 
If N_Calls < 15: 
 
Converged? 
Yes 
Yes 
No 
No 
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 The question that may be arising now, is what is the optimal value of n? 
 In order to answer this question, six stars were selected from the sample 
described in the last section. As shown by Sousa et al. (2008), the dispersion of the 
measured EW’s are higher for cooler stars than for the stars with effective 
temperatures between 5300 K and 6400 K. For this reason, three of the selected stars 
have effective temperatures lower than 5300 K and the other three have effective 
temperatures in the range between 5300 K and 6400 K (see also section 4.2). The 
three selected stars with Teff < 5300 K are: HD10166; HD21209A; HD63454. The 
remaining three selected stars, which have Teff > 5300 K and are the following: HD142; 
HD1461; HD16141. The following values of n were tested:    ;     ;     . I list 
the obtained convergence times in Table 4.1. 
 
Star-type n = 5 n = 10 n = 15 
Teff < 5300 K 27.16 38.13 28.23 
Teff   5300 K 6.73 13.36 7.21 
  
Table 4.1 – Mean convergence times for the six selected stars. The selected stars with Teff lower than 5300 K were: HD10166; 
HD21209A; HD63454. The selected stars with Teff higher than 5300 K were: HD142; HD1461; HD16141. Different values of n 
were tested. The convergence times are listed in minutes.  
 
 From the convergence times listed in Table 4.1, it can be observed that the best 
value of n to consider is    . It can also be interesting to analyze the number of 
functions evaluations. But, this is already related to the convergence times, as a higher 
convergence time means a higher number of functions evaluations. Hence, from Table 
4.1, it can be observed that for cooler stars is needed a higher number of objective 
function evaluations. This fact may be due to the difficulty in measuring the EW of the 
iron lines at lower wavelengths, for cooler stars.   
 In the next step of the routine, it evaluates the fitness in each of these points 
and take as the best initial guess, the particle with the lowest   -value.  
In this implementation, the routine is allowed to call the Amoeba method a fixed 
number of times. At the beginning of the code, it is possible to specify how many times 
the routine is allowed to call the Amoeba method. Here, I set the maximum number of 
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times that the routine is able to call Amoeba to 15, in order to have a higher number of 
stars converging to the solution. So, the routine also has a counting variable 
Amoeba_Calls. Then, while Amoeba_Calls < 15, repeat the following steps: 
 
 For the first time, construct the initial simplex around the user given initial 
guess or around the best point found by the procedure stated above (for the 
case, when the user does not provide an initial guess). The vertex of the initial 
simplex will be located in a region defined by expression (4.4). Evaluate the 
fitness of the objective function in each vertex of the simplex.  
 
 Call Amoeba. The output consists of: a new set of stellar parameters; the 
slopes of MOOG and the difference of abundances. In the implementation of 
the Amoeba routine, provided by Press et al. (2007), a small change was 
introduced, in order to avoid local minima and decrease the number of 
objective functions evaluations needed. The change that I have introduced, 
was the following: if the Amoeba method gets stuck in a local minimum, which 
means, that the fitness of the objective function remain unaltered for a 
consecutive limited number of calls, then exit the minimization process of 
Amoeba. I have tested and concluded that if the latter happens in three 
consecutive moves of the simplex, the probability of being stuck at a local 
minimum is high. Then, after three consecutive moves, where the fitness of the 
objective function remained unchanged, the routine exits the Amoeba 
minimization. This simple modification, that may be particular to the problem 
studied in this thesis, increases the efficiency of the method. 
 
 The next procedure of the routine is summarized in Fig.4.3 and is quite similar 
to the one of the default version of the Amoeba, that I have already described 
in section 4.1. If    0.001,    0.002 and    0.005, then the desired solution 
was found and an output file namely out_moog_lines.(Star HD) is created. The 
routine moves to the next star. Otherwise, set:      to the new derived value of 
the effective temperature; if the new derived value of the surface gravity is 
equal or inferior than 4.8, set     ( ) to this new derived value, or otherwise, set 
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    ( )     ; if the new derived value of the microturbulence is equal or greater 
than 0.7, then set   to this new derived value, or otherwise, set ζ    ; [    ] 
to the new derived value of the metallicity. If                , then 
reconstruct the simplex around the new set of stellar parameters, as above. 
Evaluate the fitness of the objective function in each vertex of the simplex and 
recall Amoeba again. Otherwise, if                , the desired solution 
was not found and the routine creates an output file namely 
out_moog_lines.b.(Star HD) and move to the next star. 
 
The implementation of the Amoeba procedure that I have described above, was 
tested for all the sample described in section 4.2.  
I have not provided an initial guess to the routine and I have set the tolerance to 
       
  . In the default version of the Amoeba method (section 4.1), the routine was 
able to call the minimization method at maximum five times. Here, I have set the 
maximum allowed times to 15, in order to increase the convergence rate. I will provide 
an analysis about the convergence rates of the method later in this chapter.  
I listed the derived stellar parameters in Table B1. I plotted the derived results 
against the tabulated values. I show the obtained plots in Fig.4.4, from where it can be 
observed that the derived values match the tabulated values, as it is expected due to 
the convergence criteria being so strict.  
Hence, this new implementation of the Amoeba method coded in C, is well 
adapted to the described problem and is giving the correct results.  
However, one question still remains unanswered. Is this new implementation of 
the Amoeba method better than the default version coded in Fortran? I will answer this 
question later on, in section 4.6.1, where I will compare the performances and mean 
convergence times of both implementations.  
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Fig.4.4 – Comparision between the derived stellar parameters with the Amoeba implementation and the tabulated values. Top right: 
Plot of the derived Teff (in K) versus the tabulated values. Top left: Plot of the derived surface gravity (in cm.s-2) versus the 
tabulated values. Bottom right: Plot of the derived microturbulence (referred as vt or ξ and listed in km.s-1) versus the tabulated 
values. Bottom left: Plot of the derived [Fe/H] values versus the tabulated values. The tabulated values were taken from the 
publically available database: http://vizier.cfa.harvard.edu/viz-bin/VizieR-3.  
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4.3.2. Amebsa 
 The Amebsa routine that I describe here, is similar to the one provided by Press 
et al. (2007). I have also described this routine in section 3.1.1. The methodology that I 
adopted in this implementation is a follow-up of the Amoeba implementation, described 
in the last section. It can also be summarized by the diagram of Fig.4.3. But, it is 
needed to call the Amebsa method instead of call the Amoeba method.  
 In a brief summary, this implementation also has an input a file namely star_file, 
containing the names of the input files. The user is also able to provide an initial guess 
or not. If the user decides not to provide an initial guess, the routine takes as an initial 
guess, the stellar parameters defined by expression (4.5). Then, it will generate n 
points and will explore the space of parameters to try to find the best initial guess, in 
order to construct the initial simplex.  On the other hand, if the user decides to provide 
an initial guess, the initial simplex will be constructed around this point. The vertex of 
the simplex will be constructed in the same region defined by expression (4.4). Then, 
the routine is allowed to proceed with the Amebsa minimization procedure, within the 
limited number of maximum allowed calls. In this implementation, the number of 
maximum allowed times to call Amebsa was set to 15. However, it is also possible to 
change the number of the maximum allowed calls of Amebsa, by the routine. Then, the 
convergence criteria are also the same, as described in the Amoeba implementation.  
 In the Amebsa implementation, there are three parameters that need to be 
tested and optimized. These parameters are: the number n of points that the routine 
will initially generate to try to find a better initial guess to construct the initial simplex, 
which happens if the user does not provide an initial guess; the initial temperature T of 
the cooling scheme; and the cooling scheme. As I have quoted in section 3.1, the 
cooling scheme is the heart of the Amebsa method. For that purpose, it is important to 
test different cooling schemes and the number of n points initially generated. To 
achieve this goal, there were selected six stars from the sample described in section 
4.2. The three selected cooler stars (with Teff < 5300 K – see section 4.2) were: 
HD2025; HD10166; HD50590. The remaining three selected stars (with Teff > 5300 K – 
see section 4.2) were: HD142; HD361; HD1581. For these six stars, different values of 
n, initial temperature T and cooling schemes were tested. As I have described in 
section 3.1.1, the initial temperature T needs to be set sufficiently high and the cooling 
FCUP 
Optimization methods applied to Stellar Astrophysics 
77 
 
 
scheme sufficiently slow for the Amebsa method be more efficient. The tested values 
for these variables, as well as the obtained convergence times, are listed in Table 4.2 
and 4.3.  
 
n = 5 
Cooling T =      T =      T =      
     19.92 19.60 20.73 
      20.12 19.59 19.81 
      34.32 34.72 35.15 
n = 10 
Cooling T =      T =      T =      
     29.56 29.82 30.07 
      20.02 29.16 29.14 
      18.54 18.12 18.55 
n = 15 
Cooling T =      T =      T =      
     40.21 34.66 39.74 
      40.67 33.87 19.16 
      35.86 48.69 35.87 
 
Table 4.2 – Mean convergence times for the selected cooler stars (Teff < 5300 K): HD2025; HD10166; HD50590. Different values 
of the initial temperature (T), different cooling schemes and different values of n were tested. The convergence times are listed in 
minutes. 
 
 It can be observed from the obtained convergence times, for the cooler stars, 
that the best set of parameters to take into account is: 
1.  If      both cooling schemes      and       and for any of the given initial 
temperatures, the mean convergence times were of the order of 20 minutes.  
2. If       the mean convergence time was better for the cooling scheme of 
      and for any of the given initial temperatures. The lowest convergence 
time was achieved when the cooling scheme was       and T =     .  
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3. If       the best mean convergence time was achieved for the cooling 
scheme of       and T =     . 
It can also be observed from the convergence times listed in Table 4.2 that as 
the number n increases, the convergence times also increase. This fact may be due to 
the presence of several local minima in the objective function, for lower values of Teff. 
By increasing the number n, this procedure may be taking the initial guess to a region 
which is located close to a local minimum. 
Indeed, it is better to provide just a few a priori knowledge about the behavior of 
the objective function to this implementation of the method, which means setting    . 
This helps this implementation just to a priori know what is the probable type of the 
star, for which the stellar parameters will be derived.  
 
n = 5 
Cooling T =      T =      T =      
     6.91 6.75 6.76 
      7.02 6.68 7.15 
      5.96 6.08 6.03 
n = 10 
Cooling T =      T =      T =      
     5.86 5.63 6.78 
      7.02 6.68 5.62 
      7.41 7.23 7.66 
n = 15 
Cooling T =      T =      T =      
     6.03 6.32 6.06 
      6.44 6.14 7.81 
      5.57 5.47 5.64 
 
Table 4.3 – Mean convergence times for the stars (Teff > 5300 K): HD142; HD361; HD1581. Different values of the initial 
temperature (T), different cooling schemes and different values of n were tested. The convergence times are listed in minutes. 
 On the other hand, it can be observed from the convergence times, for the 
remaining selected stars, in all the cases, the mean convergence times were of the 
order of      minutes.  
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In addition, the worst convergence times, in this case, were achieved for the 
following set of values:     , Cooling =       and any given temperature.  
As I have already quoted, for the case of the cooler stars, it is better to set   
 . On the other hand, for the stars with Teff > 5300 K the mean convergence times do 
not vary a lot with n. Hence, in this study, I set      From Table 4.2, it can be 
observed that the cooling scheme of      , for    , this implementation of the 
Amebsa method registered higher mean convergence times. Among the remaining 
cooling schemes and given initial temperatures T, all combinations seem to be a good 
choice, as the mean convergence times do not vary a lot among the stars of each 
regime of Teff. By taking into account this evidence, in this study, I selected the 
following set of values: Cooling =      and T =     . 
I have tested the implementation of the Amebsa procedure described above, for 
all the sample described in section 4.2. I have not provided an initial guess to the 
routine and I set the tolerance to        
  .  
I have set the maximum number of allowed Amebsa calls by the routine to 15, 
in order to increase the convergence rate. I will also provide an analysis about the 
convergence rates of the method later in this chapter.  
I listed the derived results in Table B2. I plotted the derived results against the 
tabulated values and I show them in Fig.4.5. It can be observed that the derived values 
match the tabulated values, as it is expected due to the convergence criteria being so 
strict. The small dispersion verified in the microturbulence plot, for lower values, is also 
expected to happen. 
Hence, this implementation of the Amebsa method coded in C, is well adapted 
to the described problem and is giving the correct results. I will also provide a 
comparison between the performance of this implementation and the one of Amoeba, 
described in the last section, in section 4.6.  
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Fig.4.5 – Comparision between the derived stellar parameters with the Amoeba implementation and the tabulated values. Top right: 
Plot of the derived Teff (in K) versus the tabulated values. Top left: Plot of the derived surface gravity (in cm.s-2) versus the 
tabulated values. Bottom right: Plot of the derived microturbulence (referred as vt or ξ and listed in km.s-1) versus the tabulated 
values. Bottom left: Plot of the derived [Fe/H] values versus the tabulated values. The tabulated values were taken from the 
publically available database: http://vizier.cfa.harvard.edu/viz-bin/VizieR-3. 
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4.4. Implementation of stochastic methods: 
Particle Swarm Optimization (PSO) and Results 
 In this section, I will describe the implementation of a stochastic method to the 
described problem. The method that I have selected, is the Particle Swarm 
Optimization (henceforth PSO for short), that I have described in section 3.3.  
In this implementation, the initial methodology that I have adopted is similar to 
the ones already described above. This routine also has as an input a file called 
star_file, which contains the name of the input files. These input files contain the 
measurements of the EW of the iron lines, made by ARES. Initially, the routine counts 
the number of stars listed in the star_file, and then loop for each star. I have 
summarized the basic procedure of how this routine works in a flowchart that I present 
in Fig.4.6. 
The user is also free to provide or not an initial guess. If the user decides to 
provide an initial guess to the routine, then the initial population of particles will be 
constructed around that point. Otherwise, the routine takes as an initial guess the 
following default parameters:  
               ( )          
                 [
  
 
]                 (4.7) 
 In the next step, the routine explores the space of parameters to try to find the 
best point to set the initial population of particles to do the swarm. For that purpose, the 
routine generates n points, in the following region: 
              ( )          
                [
  
 
]                      (   ) 
 Then, evaluate the fitness in each of these points and take as the best initial 
guess the particle with the lowest   -value. The initial population able to proceed with 
the swarm will be defined around this best point.  
The next step of the routine is to call the PSO method. The routine is only 
allowed to call the PSO method a maximum number of times, defined by the variable 
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PSO_Calls. In this implementation, I set the number of maximum PSO calls to 3. 
However, it is also possible to change this criterion. 
The routine will loop for each allowed run until PSO_Calls is not reached, or a 
solution is not found, as it will be described hereafter. 
The routine creates the initial population of N particles, which will participate in 
the swarm. Here, I set N to 5. However, the user is also able to change the number of 
the particles which will participate in the swarm. In the PSO method, it is needed to 
define the following matrices: x, which is a     matrix that contains the positions of 
the N particles in each step; vx, which is a     matrix that contains the velocities of 
the N particles in each step; pxbest, which is a      matrix that contains the best 
positions ever reached by each particle, during the swarm; pbest, which is a     
vector that contains the fitted values of each one of the N particles, during each step. In 
this implementation, the initial population of the N particles will be created within the 
following region, around the initial guess:  
             ( )          
                                            (   ) 
Define, also, the best positions of the N particles, which initially correspond to 
their current positions. Set the initial velocities for each one of the N particles. In this 
implementation, the velocities are set according to the following expressions: 
  [            ][ ]                                              (4.10) 
  [            ][ ]      ( )                                              (    ) 
  [            ][ ]                                                      (    ) 
where           ,     ( )          
  ,              ,    represents a 
randomly generated number between  500,    and    represent two randomly 
generated numbers between   0.4. 
A random component was also introduced in the definition of the initial velocities 
of the N particles: if      , then reflect each component of ith particle velocity 
(      ), where    (   ). 
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Fig.4.6 – Flowchart of the implementation of the PSO optimization method. 
Initial guess: 
     = 5500;     ( )  = 4.4; 
   = 1.0; [    ]  = 0.0; 
 
Explore the space of parameters 
to find a better initial guess; 
N_Calls = 0; 
  
 
User defined initial guess; 
N_Calls = 0; 
Stuck in a local minima? 
 
Call PSO 
N_Calls +1; 
Define a new set of 
initial stellar 
parameters; 
 
Not converged to the solution. 
Create an output file: 
OUT_MOOG_LINES.b.(Star HD) 
 
Solution found. 
Create an output file: 
OUT_MOOG_LINES.(Star HD) 
 
Converged? 
Yes No 
 
If N_Calls < 3: 
 
Stopping criteria satisfied? 
Yes 
No 
No 
Yes 
No 
Yes 
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Initially, the routine also selects the first created particle as being the best 
particle ever found during the swarm. Let gbest be the position of this particle. So, in 
this first case, gbest is set to 1.  
The next step is to perform the swarm. Since, the determination of the stellar 
parameters for the F-, G- and K-type stars are based on a physical model, it only 
assumes feasible values. By other words, the model does not assume microturbulence 
values lower than 0, as this value is physically irreallistic. By taking into account this 
fact, particles are not able to move freely in the space of parameters. Hence, the 
following boundaries were set for the effective temperature, surface gravity and 
microturbulence: 
                                                                   (    ) 
              ( )                                                      (    ) 
                                                                     (    ) 
If any component of one of the N particles escapes from this region, then the 
routine will maintaining the remaining components and will replace that component by 
a new one randomly generated in the following region, around the best particle ever 
found during the swarm: 
             ( )          
                                          (    ) 
For example, if the effective temperature of the ith particle will reach 7100 K, 
then the routine will replace this value by a new value randomly generated around the 
effective temperature of the best particle ever found during the swarm. And, if the 
surface gravity and microturbulence will not escape these boundaries, then they will 
remain unchanged. For the first swarm, the best fitted values for the N particles 
correspond to the   -values of the initial particles. In the consecutive swarms, if the 
fitted value of the ith particle is inferior to its best saved fitted value, then the routine 
saves this new obtained value in the ith component of the vector pbest. During this 
stage, the routine also evaluates if this ith particle is better than the best particle ever 
found during the swarm. If this is true, then this ith particle is selected as the best 
particle ever found during the swarm. 
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 In the next step, the routine will update the velocity of each particle according to 
the equation (3.7), defined in section 3.3. The constants    and    were set to 2.1 and 
2, respectively, due to the reason explained in section 3.3. The velocity components 
are  limited to a maximum allowed velocity, for each one. The maximum allowed values 
for the velocity were set as follows: (           )  (          ( )    ) . If one 
component of the velocity exceeds its maximum allowed value, then reflect that 
component. In the next step, the routine will update the position of each particle 
according to equation (3.9), defined in section 3.3.  
 The routine will stop when the fitness of the best particle ever found during the 
swarm will be inferior to a given tolerance. In addition, since stochastic methods are 
slowly converging methods, if the particles gets stuck around a local minimum, which 
means that the position of these particles remains unchanged during a few consecutive 
swarms, the routine will perturbe the positions and velocities of these particles. This 
happens if the positions of the particles remain unchanged during two consecutive 
swarms. The positions and velocities of the particles will be perturbed within the 
following region, around the best particle ever found during the swarm: 
  [            ][ ]                                              (4.17) 
  [            ][ ]      ( )                                              (    ) 
   [            ][ ]                                                      (    ) 
             ( )          
                [
  
 
]                    (    ) 
where      ,     ( ) ,   ,   ,    and     are the same variable as defined above. 
 The convergence criteria are the same as defined in the latter section, for the 
Amebsa implementation. If the star has converged to the solution an output file 
out.moog.lines.(Star HD) will be created, or otherwise the file will be named 
out.moog.lines.b.(Star HD).  
In this implementation of the PSO, there are two parameters that need to be 
tested and optimized: the number n of particles that the routine will initially generate to 
try to find a better initial guess to define the initial population; the number N of particles 
which will be set to participate in the swarm. I listed the tested values for these 
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variables, as well as the obtained convergence times for the hotter and cooler stars 
(selected with the same Teff range as in the Amebsa method), in Table 4.4 and 4.5.  
 n = 5 n = 10 n = 15 
N = 5 7.37 29.89 40.27 
N = 10 6.08 22.56 16.06 
N =15 29.59 15.95 20.22 
 
Table 4.4 – Mean convergence times for the selected hotter stars (          ): HD1461; HD3823; HD23456. Different values 
of n and N were tested. The convergence times are listed in minutes. 
 n = 5 n = 10 n = 15 
N = 5 29.83 53.49 33.22 
N = 10 34.74 75.64 79.32 
N =15 53.94 75.63 48.50 
 
Table 4.5 – Mean convergence times for the selected cooler stars (          ): HD40105; HD52919; HD283. Different values 
of n and N were tested. The convergence times are listed in minutes. 
 It can be observed from Tables 4.4 and 4.5, that the PSO achieved its best 
performance for the following set of parameters:     and    , for the cooler stars; 
     and    , for the others. It can be observed that for the stars with      
     , that the second best performance was reached with     and    , and the 
mean convergence time is only superior by around one minute. Since, these difference 
is higher, when comparing the same set of values for the cooler stars, I decided to 
select the following set of parameters, for this implementation:     and    .  
I have tested the implementation of the PSO procedure described above, for all 
the sample described in section 4.2. I have not provided an initial guess to the routine  
and I have set the tolerance to        
  . I have also set the maximum number of 
allowed Amebsa calls by the routine to 3. I will also provide an analysis about the 
convergence rates of the method later in this chapter. I listed the derived results in 
Table B3. I have also plotted the derived results against the tabulated values and I 
show them in Fig.4.7.  
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Fig.4.7 – Comparision between the derived stellar parameters with the Amoeba implementation and the tabulated values. Top right: 
Plot of the derived Teff (in K) versus the tabulated values. Top left: Plot of the derived surface gravity (in cm.s-2) versus the 
tabulated values. Bottom right: Plot of the derived microturbulence (referred as vt or ξ and listed in km.s-1) versus the tabulated 
values. Bottom left: Plot of the derived [Fe/H] values versus the tabulated values. The tabulated values were taken from the 
publically available database: http://vizier.cfa.harvard.edu/viz-bin/VizieR-3. 
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From Fig.4.7, it can be observed that the derived values match the tabulated 
values, as it is expected due to the convergence criteria being so strick.  
Hence, this implementation of the PSO method coded in C, is well adapted to 
the described problem and is giving the correct results. I will provide a comparison 
between the performance of this stochastic method and the ones of the Amoeba and 
Amebsa methods in section. 4.6.  
4.5. Implementation of a combination between 
the PSO and some deterministic methods and 
Results 
 Sometimes it is desirable to test the implementation of a minimization 
methodology which combines the strengths of a stochastic method and of deterministic 
methods. In this section, I will describe the implementation of the PSO strategy and of 
the strategies of the following deterministic methods: Amoeba; Amebsa; Powell. This 
implementation may be slowly converging for F- and G-type stars, since the swarm 
needs several objective function evaluations. However, it is possible that the 
convergence times will be inferior to the ones obtained above, for the K-type stars. In 
the implementation that I will describe in this section, the initial adopted methodology is 
similar to the ones already described above.  
This routine also has as an input a file called star_file, containing the name of 
the input files. These are similar to the ones already described above, in the latter 
sections. Initially, the routine will count the number of input files defined in the star_file. 
Then, the routine will loop for each star. I present a flowchart that summarizes the 
basic procedure of how this routine works in Fig.4.8.  
 As in the previous implementations described in the last sections, the user is 
free to provide an initial guess or not. If the user decides to provide an initial guess, 
then the initial population of particles to proceed with the swarm will be defined around 
this point. Otherwise, the routine will take as an initial guess, the set of parameters 
defined by expression (4.7).  
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Fig.4.8 – Flowchart of the implementation of the PSO+Amoeba optimization method. 
  
Initial guess: 
     = 5500;     ( )  = 4.4; 
   = 1.0; [    ]  = 0.0; 
 
Explore the space of parameters 
to find a better initial guess; 
N_Calls = 0; 
  
 
User defined initial guess; 
N_Calls = 0; 
CALL Deterministic Method 
 
N_Calls +1; 
Define a new set of 
initial stellar 
parameters; 
 
Not converged to the solution. 
Create an output file: 
OUT_MOOG_LINES.b.(Star HD) 
 
Solution found. 
Create an output file: 
OUT_MOOG_LINES.(Star HD) 
 
If N_Calls < 15: 
 
Converged? 
Yes 
Yes 
No 
No 
Proceed with a swarm. 
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Then, the routine will create n points, in order to explore the space of 
parameters and define a better target region to start looking for the minimum value of 
the objective function.  The routine will look for a best initial guess, in a region defined 
by expression (4.8), around the initial point. In the next step, the routine will proceed 
with a swarm. Stochastic methods tell us that we are close to a global minimum with a 
high probability and are usually cited as being slowly converging methods. With this 
step, I aim that the routine proceeds with the exploration of the space of parameters 
and goes to a region closer to the global minimum. The swarm will end when the 
fitness of the best particle ever found during the swarm is inferior to a given tolerance 
tol1. Or, when the number of swarm movements exceed fifty. In this implementation, I 
have set tol1 to         Then, the routine will call a deterministic method to proceed 
with the minimization procedure. The routine is allowed to call the deterministic 
methods a fixed number of times, at maximum. In this study, I have set the maximum 
number of allowed calls to 15. In the next three sections, I will describe the following 
steps of the methodology explained above, combined with the implementation of the 
Amoeba, Amebsa and Powell methods. 
4.5.1. PSO and Amoeba 
Following the procedure explained above, the initial simplex will be constructed 
in a region, around the best particle ever found during the swarm, defined as follows: 
             ( )          
                                          (    ) 
 The following steps of the routine and the convergence criteria are the same as 
described in the Amoeba implementation (section 4.3.1). If a solution was found, then 
the routine creates an output file namely out_moog_lines.(Star HD) and moves to the 
next star. Otherwise, the routine creates an output namely out_moog_lines.b.(Star HD) 
and moves to the next star.  
I have also tested this implementation for the sample described in section 4.2. I 
have not provided an initial guess to the routine and I set      to   
  . I have also set 
the following parameters (for which the PSO achieved its best convergence times): 
    and    . I listed the derived stellar parameters in Table B4. I plotted these 
derived stellar parameters against the tabulated values (Fig.4.9).  
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Fig.4.9 – Comparision between the derived stellar parameters with the Amoeba implementation and the tabulated values. Top right: 
Plot of the derived Teff (in K) versus the tabulated values. Top left: Plot of the derived surface gravity (in cm.s-2) versus the 
tabulated values. Bottom right: Plot of the derived microturbulence (referred as vt or ξ and listed in km.s-1) versus the tabulated 
values. Bottom left: Plot of the derived [Fe/H] values versus the tabulated values. The tabulated values were taken from the 
publically available database: http://vizier.cfa.harvard.edu/viz-bin/VizieR-3.   
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It can be observed that the derived values match the tabulated values, as it was 
expected due to the same reason already quoted above. 
Hence, this strategy of the combination between the PSO and Amoeba 
methods, coded in C, is well adapted to the described problem and is giving the correct 
results. In addition, I will also provide a comparison between the performance of this 
strategy and the implementations described above in the last sections, in section 4.6. 
4.5.2. PSO and Amebsa 
As in the last section and following the procedure explained above, the initial 
simplex will be constructed in a region, around the best particle ever found during the 
swarm, as defined by expression (4.21). The next steps of the routine and the 
convergence criteria are the same as described in the Amebsa implementation (section 
4.3.2).  
At the end of the minimization process, if a solution was found, then the routine 
creates an output file namely out_moog_lines.(Star HD). Otherwise, the routine creates 
an output file namely out_moog_lines.b.(Star HD). Then, the routine moves to the next 
star, available in the star_file..  
I have tested this implementation of the combination between the PSO and the 
Amebsa methods for the sample described in section 4.2. I have not provided an initial 
guess to the routine and I have also set      to   
  . I have also defined the same set 
of parameters, for n and the cooling scheme, as in section 4.3.2. 
 I listed the derived stellar parameters in Table B5. I plotted the derived stellar 
parameters plotted against the tabulated values. The plots are shown in Fig.4.10. It can 
be observed that the derived values match the tabulated values, as it was also 
expected. 
Hence, this strategy of the combination between the PSO and Amebsa 
methods, coded in C, is also well adapted to the described problem and is giving the 
correct results. I will also compare the performance of this strategy with the 
implementations described above in the last sections, in section 4.6. 
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Fig.4.10 – Comparision between the derived stellar parameters with the Amoeba implementation and the tabulated values. Top 
right: Plot of the derived Teff (in K) versus the tabulated values. Top left: Plot of the derived surface gravity (in cm.s-2) versus the 
tabulated values. Bottom right: Plot of the derived microturbulence (referred as vt or ξ and listed in km.s-1) versus the tabulated 
values. Bottom left: Plot of the derived [Fe/H] values versus the tabulated values. The tabulated values were taken from the 
publically available database: http://vizier.cfa.harvard.edu/viz-bin/VizieR-3.   
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4.5.3. PSO and Powell conjugate directions method 
 Following the main procedure explained above, I have also tested the 
implementation between the PSO and the Powell’s method, described in section 2.2. 
The main idea here is to use the PSO strategy to pick up the routine to a region close 
to the global minimum. It is expected that close the global minimum, the region is 
approximately convex, where the Powell’s method can achieve its best performance.  
 In this implementation, I have set has an input to the routine that the N-
dimensional starting point was the best point ever found during the swarm. The     
matrix of the initial set of directions is randomly consctructed within a region around the 
N-dimensional point, defined as follows: 
             ( )          
                [
  
 
]                     (    ) 
 I have set       To   
  . The Powell’s method uses a line minimization, 
described in Press et al. (2007). It is a subroutine called linmin and uses methods of 
one-dimensional minimization, such as the Brent method.  
 I have also tested this implementation of the combination between the PSO and 
the Powell’s method, for some stars of the sample described in section 4.2. The tested 
stars converged to the solution, however the routine linmin required several objective 
function evaluations across each direction, leading to a high time consuming 
procedure. In all the tested stars, the convergence times were superior than one hour.  
Indeed, this performance can be improved, to try to reach better convergence 
times. However, as it is now, the current implementation of the PSO and the Powell’s 
method was a failure, touching the goal of the convergence times. For this reason, I 
have not considered the implementation of this routine, in this study. 
4.6. Analysis of convergence rates and times 
 In this section, the convergence rates and times of the implemented routines, 
described in the last sections, will be discussed. Firstly, in section 4.6.1, I will compare 
the performance between the default implementation of the Amoeba method and its 
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new implementation. Then, in section 4.6.2, I will compare the performances between 
the implemented optimization methods and strategies.   
4.6.1. Performance of the Amoeba (Fortran) and Amoeba (C) 
Initially, I tested the convergence rates and times for the default version of 
Amoeba and for the new implementation of the C-version of Amoeba. For this purpose, 
I have randomly selected a set of 149 stars from the sample described in section 4.2. 
Following the default version, in the new implementation of Amoeba, the number of 
maximum allowed calls was set to 5. In addition the number of initial n points was also 
set to 5. I listed the selected set of stars and their respectively derived convergence 
times in Table B6. 
 I list the number of stars that have converged and that have not converged to 
the solution, for these two methods, in Table 4.6. In addition, I list the convergence 
times in Table 4.7.   
 
Optimization Method 
Number of stars that have 
converged to the solution 
Number of stars that have 
not converged to the 
solution 
Amoeba (Default version) 105 44 
Amoeba (C-version) 114 35 
 
Table 4.6 – Number of stars that have converged and that have not converged to the solution, from the subsample of 149 stars, for 
the default version and for the new implementation of the Amoeba.   
 
Star type Amoeba (Default version) Amoeba (C-version) 
Teff<5300K 31.04 20.86 
5300<Teff<6000 K 16.09 11.14 
Teff>6000 K 11.28 10.25 
 
Table 4.7 – Mean convergence times for the stars that have converged to the solution, from the subsample of 149 stars, for the 
default version and for the new implementation of the Amoeba method. The mean convergence times are listed in minutes. The 
ranges of Teff were discussed in section 4.2. 
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 It can be observed from Table 4.7, that there were more stars converging to the 
solution, in the case of the new implementation of the Amoeba method, coded in C. 
 On the other hand, it can be observed that the new implementation of the 
Amoeba method, achieved better mean convergence times, than the default version. 
This fact is more evident for the stars with lower Teff, where the difference between the 
mean convergence times of both implementations, is around 10 minutes. It is also 
curious to observe that as the Teff increases, the difference between the mean 
convergence times of both implementations, decreases. 
 Hence, the new strategy of initially exploring the space of parameters to find a 
better initial guess to construct the initial simplex and the new inserted condition that 
helps the minimization method to avoid local minima, were good improvements to the 
default methodology. This new methodology lowered the mean converge times and 
increased the convergence rate.  
4.6.2. Performances of the implemented optimization methods 
 I have also compared the convergence times and rates for the new 
implemented optimization methods and for the implemented strategies, described in 
the last sections of this chapter. In these tests, I have set the number of maximum 
allowed calls, in each routine, for the deterministic methods to 15. The others free 
parameters considered were the same justified in the last sections.  
 I list the number of stars that have converged and that have not converged to 
the solution, for each implementation described above, in Table 4.8. It can be observed 
from Table 4.8, that the best convergence rate was achieved by the strategy which 
combines the PSO and Amebsa methods. The second best convergence rate was 
achieved by the Amebsa method. In addition, the worst convergence rate was 
achieved by the PSO 
 I list the mean convergence times, for each routine described above, in Table 
4.9. It can be observed from Table 4.9, that the best mean convergence times for each 
of the defined ranges of effective temperature, was achieved by the Amebsa 
implementation. The second best performance achieved by the Amoeba 
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implementation. On the other hand, the worst convergence times were achived by the 
PSO method. 
 
C version 
Number of stars that have 
converged to the solution 
Number of stars that have 
not converged to the 
solution 
Amoeba 415 36 
Amebsa 422 29 
PSO 391 60 
PSO + Amoeba 409 42 
PSO + Amebsa 426 25 
 
Table 4.8 – Summary of the number of stars that have converged and that have not converged to the solution in the sample of 451 
stars, with the different optimization methods. 
 
 
C version Teff<5300 K 5300<Teff<6000 K Teff>6000 K 
Amoeba 39.07 17.18 18.18 
Amebsa 34.13 12.37 8.93 
PSO 117.43 65.53 44.03 
PSO + Amoeba 46.49 21.54 14.39 
PSO + Amebsa 44.34 21.37 16.14 
 
Table 4.9 - Summary of the mean convergence times for the stars that have converged to the solution. The stars were divided into 
three different ranges of effective temperature, following Sousa et al. (2008). The convergence times are listed in minutes. The 
ranges of Teff were discussed in section 4.2. 
 
In Fig.4.11, I show the boxplots of the convergence times for the F-, G- and K-
type stars, obtained with the Amoeba and Amebsa implementations. From the 
boxplots, is possible to have an idea of the distribution of the convergence times for 
each F-, G- and K-type stars, obtained with the Amoeba and Amebsa implementations. 
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Fig.4.11 – Top: Boxplots of the convergence times for the K-, G- and F-type stars, respectively, using the Amoeba implementation. 
Bottom: Same, but with the Amebsa implementation. 
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It is also interesting to analyse the plots of the standard deviation (hereafter, 
reported as stdev) of the FeI lines versus the convergence times, for the two best 
methods: Amebsa and Amoeba. This can help us to understand why the mean 
convergence times are higher for cooler stars. For this purpose, I show in Fig.4.12, two 
plots of the stdev versus the convergence time and of the stdev versus Teff, for the 
Amoeba method. In Fig.4.13, I show the same plots but for the case of the Amebsa 
method. From Fig.4.12, it can be observed that for lower values of Teff, the value of 
stdev tends to increase. On the other hand, it can also be observed from Fig.4.12 that 
lower convergence times tend to be associated with lower values of stdev. These facts 
can also be observed in Fig.4.13, for the case of the Amebsa method. In particular, the 
idea that lower convergence times tend to be associated with lower values of stdev 
(Fig.4.13, left) is strengthened, as the points are less dispersed than in the case of 
Fig.4.12, left.  
 
Fig.4.12 – Right: Plot of the standard deviation (sigma) as function of the convergence time (in minutes), for the stellar parameters 
derived with the Amoeba C version. Left: Plot of the standard deviation (sigma) as function of the derived Teff (in K) with the 
Amoeba C version. In both plots, only the stars that have converged to the solution were  considered.  
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Fig.4.13 – Right: Plot of the standard deviation (sigma) as function of the convergence time (in minutes), for the stellar parameters 
derived with the Amebsa C version. Left: Plot of the standard deviation (sigma) as function of the derived Teff (in K) with the 
Amebsa C version. In both plots, only the stars that have converged to the solution were  considered.  
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5. Conclusions 
 In this work, I aimed to test and implement several optimization methods to 
minimize the objective function defined by equation 4.2. By minimizing this function, it 
is possible to derive the stellar parameters of a star. 
Three optimization methods were tested: the Amoeba method; the Amebsa 
method; the Particle Swarm Optimization method. I have also tested the 
implementation of a strategy which combined the PSO method and the following 
methods: Amoeba; Amebsa; Powell’s conjugate gradient method. I have discarded the 
combination between the PSO and the Powell’s method due to the high convergence 
times required. This implementation was well adapted to the described problem, 
however several improvements needed to be done, in order to reduce the convergence 
times.  
The derived stellar parameters through the remaining implementations and 
strategies, tested in this study, matched the tabulated values.  
 The mean convergence times are better in the new implementation of the 
Amoeba method, when compared to the default version. In addition, the convergence 
rate is also higher in the new implementation.  
 The best mean convergence times were obtained with the Amebsa 
implementation. The second best performance, touching the convergence times, was 
achieved by the Amoeba implementation. The worst mean convergence times were 
obtained with the PSO implementation.  
 In this study, I have evidenced that for lower values of Teff, the stdev tend to 
increase, for the Amoeba and Amebsa implementations. In addition, I have also shown 
that for lower convergence times, the stdev tend to have lower values, for the same 
implementations. 
 As future work it can be implemented and tested the other optimization 
methods, such as first order methods, by trying to approximate the derivative terms. It 
can also be optimized the implementation between the PSO and the Powell conjugate 
directions methods.  
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Annexes:  
A. Glossary 
Absorption line: is created when a photon is absorbed by an atom and leads to an 
electron to jump from a lower energy state to a higher energy state. 
Blending effects: occurs when it is not possible to resolve two separated gaussians 
from spectral lines.  
Chromosome: is a potential solution obtained by the genetic algorithm.  
Cooling scheme: defines the gradual reduction of the temperature, at each step, by the 
simulated annealing method. Initially, it is expected to wander towards a broad region 
of the space parameters, which contains good solutions, skipping small features of the 
objective function. Then, as the temperature is decreased according to the cooling 
scheme, towards narrower and narrower regions of the space parameters, the 
simulated annealing goes to the solution. 
Crossover: is one simple operator that defines the genetic algorithm method. In a 
coded binary string, the bits are allowed to change positions by some type of a 
crossover process. 
Effective temperature(    ): is defined as the temperature of a black body, which has 
the same luminosity and radius as the real star. 
Equivalent width (EW): is the area of a spectral line, on a plot of a normalized 
spectrum. Or, by other words is a measurement of a total absorption in a line and is 
defined as:    ∫
     
  
  
 
 
.    
Emission line: is created when a photon is emitted from an atom and leads to an 
electron to jump from a higher energy state to a lower energy state. 
Excitation potential (EP): is defined as the amount of energy required to bring an 
electron from its ground state to a given higher energy state. 
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FGK-type stars: are tipically solar-type stars with effective temperatures within the 
range between 4000 K and 7500 K. Their masses vary tipically within the range 
between 0.5 Mʘ and 2 Mʘ. 
Growth curve: is a curve defined in a log-log plot of the EW as function of the number 
of absorbing atoms. It represents the variation of the EW’s with the number of 
absorbing photons.  
Metallicity ([M/H] or [Fe/H]): is usually denoted by M and represents the portion of 
metals in relation to hydrogen and helium, that are present on a star. An alternative 
notation usually quoted is [Fe/H] (which is usually used as a proxy of the overall 
metallicity of a star) and is defined as: [
  
 
]     (
  (  )
  ( )
)
 
   (
  (  )
  ( )
)
 
. 
Microturbulence (ξ): is originated by small cells of motion in the stellar photosphere. It 
can be important in strong lines, due to broadening effects. On the other hand, weak 
absorption lines are not affected, as they are Gaussian and broadening effects makes 
them shallower and consequently the EW of the line remains unaltered. 
Mutation: is one simple operator that defines the genetic algorithm method. In a coded 
binary string, a binary with a 0 achieved can suffer a mutation and become 1 and vice-
versa. 
Objective function (              ): is defined as the function that is aimed to be 
minimized. 
Optimization: is usually referred to the choice of the best element or procedure to find 
the solution of a given mathematical problem. The most simplest case is the 
maximization or minimization of an objective function. 
Radial velocity: is defined as the velocity of an object across the direction of the line of 
sight. 
Reproduction: is one simple operator that defines the genetic algorithm method. Is a 
step in the genetic algorithm method, where the parent configuration is passed to the 
descendents, without any change.  
Simplex: is a N-dimensional polytope.  
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Space parameters: is a region with boundaries well defined, where the optimal solution 
may be located. 
Surface gravity (   ( )): is usually represented by      ( ) and is defined by the 
following expression:   
  
 
, where G is the universal gravitational constant, M is the 
mass of the star and R is the radius of the star. 
Swarm: is the main allowed movement by the particles, in the Particle Swarm 
Optimization method. 
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B. Tables of Results 
Star HD 
Teff  
(K) 
log(g) 
(cm.s
-2
) 
ξ 
(km/s) 
[Fe/H] 
Slope 
1 
Slope 
2 
Abundance 
Difference 
Conver. 
Time 
Conver
gence 
HD 55 4680 4,51 0,08 -0,66 0,000 0,001 0,000 65,97 Yes 
HD 142 6406 4,61 1,74 0,09 0,000 -0,001 0,000 3,97 Yes 
HD 283 5159 4,50 0,46 -0,54 0,000 0,000 0,000 7,83 Yes 
HD 361 5912 4,60 0,99 -0,11 0,000 0,000 0,000 5,65 Yes 
HD 750 5059 4,38 0,61 -0,29 0,000 0,000 0,000 7,93 Yes 
HD 870 5382 4,42 0,79 -0,10 0,000 0,000 0,000 17,45 Yes 
HD 967 5566 4,51 0,79 -0,68 0,000 0,000 0,000 11,52 Yes 
HD 1237 5514 4,49 1,10 0,07 0,000 0,000 0,000 6,22 Yes 
HD 1320 5679 4,48 0,85 -0,27 0,000 0,000 0,000 6,32 Yes 
HD 1388 5950 4,40 1,13 -0,01 0,000 0,000 0,000 9,75 Yes 
HD 1461 5764 4,38 0,97 0,19 0,000 0,000 0,000 10,77 Yes 
HD 1581 5975 4,50 1,11 -0,18 0,000 0,001 0,000 17,55 Yes 
HD 2025 4936 4,58 0,59 -0,34 0,000 -0,001 0,000 14,85 Yes 
HD 2071 5725 4,47 0,95 -0,09 0,000 0,000 0,000 11,88 Yes 
HD 2638 5203 4,43 0,75 0,12 0,000 -0,001 0,000 6,25 Yes 
HD 3569 5154 4,54 0,58 -0,31 0,000 0,000 0,000 47,30 Yes 
HD 3823 6027 4,31 1,39 -0,28 0,000 -0,001 0,000 5,00 Yes 
HD 4208 5602 4,43 0,79 -0,28 0,000 -0,001 0,000 8,12 Yes 
HD 4307 5814 4,10 1,21 -0,22 0,000 0,000 0,000 16,15 Yes 
HD 4308 5646 4,37 0,90 -0,34 0,000 0,000 0,000 44,48 Yes 
HD 4915 5655 4,50 0,90 -0,21 0,000 0,001 0,000 3,32 Yes 
HD 6348 5108 4,50 0,13 -0,56 0,000 0,000 0,000 56,40 Yes 
HD 6673 4965 4,49 0,58 -0,26 0,000 0,000 0,000 39,18 Yes 
HD 6735 6084 4,48 1,15 -0,06 0,000 0,000 0,000 14,02 Yes 
HD 7134 5944 4,42 1,17 -0,29 0,000 -0,001 0,000 3,53 Yes 
HD 7199 5387 4,34 1,01 0,28 0,000 -0,001 0,000 33,23 Yes 
HD 7449 6024 4,50 1,11 -0,11 0,000 0,000 0,000 5,08 Yes 
HD 8326 4972 4,47 0,82 0,02 0,000 0,001 0,000 21,22 Yes 
HD 8389A 5286 4,37 1,07 0,34 0,000 -0,001 0,000 10,17 Yes 
HD 8406 5728 4,48 0,89 -0,11 0,000 0,000 0,000 5,78 Yes 
HD 8638 5506 4,42 0,74 -0,38 0,000 0,000 0,000 6,35 Yes 
HD 8828 5399 4,45 0,71 -0,16 0,000 0,000 0,000 30,42 Yes 
HD 8859 5503 4,40 0,78 -0,09 0,000 -0,001 0,000 22,37 Yes 
HD 8912 5209 4,43 0,70 -0,07 0,000 0,000 0,000 44,82 Yes 
HD 9246 5004 4,49 0,15 -0,53 0,000 -0,001 0,000 95,37 Yes 
HD 9782 6019 4,41 1,09 0,09 0,000 0,000 0,000 29,48 Yes 
HD 9796 5177 4,37 0,66 -0,25 0,000 0,001 0,000 7,55 Yes 
HD 10002 5311 4,40 0,82 0,17 0,000 0,001 0,000 15,87 Yes 
HD 10166 5224 4,48 0,76 -0,39 0,000 -0,001 0,000 4,48 Yes 
HD 10180 5909 4,38 1,10 0,08 0,000 0,000 0,000 14,18 Yes 
HD 10647 6219 4,61 1,22 0,00 0,000 0,001 0,000 2,98 Yes 
HD 10700 5311 4,44 0,54 -0,52 0,000 0,000 0,000 9,85 Yes 
HD 11226 6099 4,34 1,28 0,04 0,000 0,000 0,000 4,67 Yes 
HD 11505 5750 4,36 0,99 -0,23 0,000 0,000 0,000 5,08 Yes 
HD 11683 5007 4,41 0,61 -0,21 0,000 -0,001 0,000 76,35 Yes 
HD 11964A 5334 3,89 0,99 0,08 0,000 0,001 0,000 5,32 Yes 
HD 12345 5395 4,43 0,69 -0,21 0,000 0,000 0,000 14,08 Yes 
HD 12387 5704 4,39 0,94 -0,24 0,000 0,000 0,000 5,07 Yes 
HD 12617 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 13060 5256 4,33 0,82 0,02 0,000 0,000 0,000 57,60 Yes 
HD 13724 5868 4,52 1,02 0,23 0,000 0,000 0,000 5,72 Yes 
HD 13789 4737 4,32 0,78 -0,06 0,000 -0,001 0,000 95,07 Yes 
HD 13808 5086 4,39 0,76 -0,20 0,000 0,000 0,000 34,73 Yes 
HD 14374 5425 4,47 0,82 -0,05 0,000 0,000 0,000 20,40 Yes 
HD 14635 4807 4,44 0,79 -0,03 0,000 0,000 0,000 34,40 Yes 
HD 14680 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 14744 4918 4,44 0,44 -0,13 0,000 -0,001 0,000 28,92 Yes 
HD 14747 5518 4,44 0,71 -0,38 0,000 0,000 0,000 6,05 Yes 
HD 15337 5180 4,38 0,71 0,06 0,000 0,000 0,000 34,08 Yes 
HD 16141 5807 4,18 1,11 0,16 0,000 0,000 0,000 5,45 Yes 
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HD 16270 4786 4,39 0,84 0,06 0,000 -0,001 0,000 85,83 Yes 
HD 16297 5422 4,46 0,81 -0,01 0,000 -0,001 0,000 5,17 Yes 
HD 16417 5840 4,15 1,18 0,13 0,000 0,000 0,000 10,30 Yes 
HD 16714 5516 4,40 0,76 -0,20 0,000 0,000 0,000 8,80 Yes 
HD 17051 6225 4,52 1,29 0,19 0,000 0,000 0,000 5,18 Yes 
HD 17970 5046 4,39 0,31 -0,45 0,000 0,000 0,000 7,98 Yes 
HD 18386 5461 4,38 0,93 0,14 0,000 0,001 0,000 4,28 Yes 
HD 18719 5242 4,40 0,93 -0,08 0,000 -0,001 0,000 10,33 Yes 
HD 19034 5478 4,41 0,68 -0,48 0,000 0,000 0,000 6,07 Yes 
HD 19467 5718 4,30 0,96 -0,14 0,000 0,000 0,000 14,88 Yes 
HD 19994 6290 4,48 1,72 0,25 0,000 0,000 0,000 19,27 Yes 
HD 20003 5496 4,41 0,83 0,04 0,000 -0,001 0,000 22,68 Yes 
HD 20407 5866 4,49 1,09 -0,44 0,000 0,000 0,000 5,12 Yes 
HD 20619 5707 4,51 0,92 -0,22 0,000 0,000 0,000 5,33 Yes 
HD 20781 5257 4,37 0,78 -0,11 0,000 0,000 0,000 6,90 Yes 
HD 20782 5783 4,37 1,01 -0,06 0,000 -0,001 0,000 15,17 Yes 
HD 20794 5405 4,40 0,68 -0,40 0,000 -0,001 0,000 7,98 Yes 
HD 20807 5863 4,52 1,03 -0,23 0,000 0,001 0,000 10,18 Yes 
HD 21019 5469 3,92 1,05 -0,45 0,000 0,001 0,000 9,02 Yes 
HD 21209A 4671 4,31 0,55 -0,41 0,000 0,000 0,000 65,33 Yes 
HD 21411 5470 4,50 0,81 -0,26 0,000 0,000 0,000 27,87 Yes 
HD 21693 5432 4,37 0,76 0,00 0,000 -0,001 0,000 28,20 Yes 
HD 21749 4722 4,40 0,50 -0,02 0,000 0,001 0,000 117,97 Yes 
HD 21938 5773 4,38 0,98 -0,47 0,000 0,000 0,000 12,58 Yes 
HD 22049 5148 4,52 0,89 -0,11 0,000 0,000 0,000 19,63 Yes 
HD 22610 5045 4,44 0,88 -0,22 0,000 0,000 0,000 11,52 Yes 
HD 22879 5848 4,44 1,22 -0,84 0,000 0,001 0,000 17,00 Yes 
HD 23079 5979 4,47 1,12 -0,13 0,000 0,000 0,000 26,20 Yes 
HD 23249 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 23356 5005 4,50 0,87 -0,17 0,000 0,000 0,000 44,42 Yes 
HD 23456 6178 4,55 1,38 -0,32 0,000 0,000 0,000 17,28 Yes 
HD 24331 4968 4,51 0,53 -0,31 0,000 0,000 0,000 16,13 Yes 
HD 24892 5363 3,99 0,87 -0,32 0,000 0,000 0,000 55,37 Yes 
HD 25105 5317 4,46 0,78 -0,15 0,000 0,001 0,000 4,98 Yes 
HD 25120 5133 4,46 0,87 -0,18 0,000 0,000 0,000 17,52 Yes 
HD 25565 5208 4,46 0,79 0,03 0,000 0,000 0,000 71,68 Yes 
HD 25673 5139 4,46 0,59 -0,51 0,000 -0,001 0,000 11,83 Yes 
HD 26965A 5156 4,39 0,36 -0,31 0,000 0,000 0,000 7,58 Yes 
HD 27063 5767 4,44 0,95 0,05 0,000 0,000 0,000 3,75 Yes 
HD 27894 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 28185 5665 4,40 0,94 0,21 0,000 0,001 0,000 11,80 Yes 
HD 28471 5744 4,36 0,95 -0,05 0,000 0,001 0,000 5,32 Yes 
HD 28701 5711 4,41 0,95 -0,32 0,000 0,000 0,000 18,38 Yes 
HD 28821 5660 4,38 0,89 -0,12 0,000 0,000 0,000 5,47 Yes 
HD 30278 5393 4,38 0,72 -0,17 0,000 -0,001 0,000 5,53 Yes 
HD 30306 5531 4,31 0,90 0,17 0,000 0,000 0,000 6,07 Yes 
HD 31527 5900 4,45 1,09 -0,17 0,000 0,000 0,000 8,13 Yes 
HD 31560 4753 4,33 0,64 -0,07 0,000 0,000 0,000 59,63 Yes 
HD 31822 6041 4,56 1,15 -0,19 0,000 0,000 0,000 5,25 Yes 
HD 32724 5821 4,26 1,14 -0,17 0,000 0,000 0,000 5,87 Yes 
HD 33725 5277 4,40 0,71 -0,17 0,000 0,000 0,000 5,42 Yes 
HD 34449 5848 4,49 0,93 -0,09 0,000 0,000 0,000 19,25 Yes 
HD 34688 5171 4,44 0,71 -0,20 0,000 0,000 0,000 22,82 Yes 
HD 35854 4927 4,45 0,53 -0,13 0,000 0,000 0,000 17,62 Yes 
HD 36003 4643 4,30 0,41 -0,20 0,000 0,000 0,000 120,60 Yes 
HD 36108 5917 4,32 1,21 -0,21 0,000 0,000 0,000 8,85 Yes 
HD 36379 6029 4,30 1,29 -0,17 0,000 0,000 0,000 6,85 Yes 
HD 37962 5722 4,49 0,84 -0,20 0,000 0,000 0,000 21,40 Yes 
HD 37986 5508 4,30 0,91 0,27 0,000 0,000 0,000 6,25 Yes 
HD 38277 5867 4,33 1,09 -0,06 0,000 0,000 0,000 9,42 Yes 
HD 38382 6086 4,45 1,19 0,03 0,000 0,000 0,000 8,97 Yes 
HD 38858 5732 4,51 0,93 -0,22 0,000 0,000 0,000 9,00 Yes 
HD 38973 6018 4,41 1,14 0,05 0,000 0,000 0,000 5,00 Yes 
HD 39091 6005 4,42 1,12 0,08 0,000 0,000 0,000 20,08 Yes 
HD 39194 5205 4,53 0,36 -0,61 0,000 0,000 0,000 7,62 Yes 
HD 40105 5138 3,86 0,96 0,06 0,000 0,001 0,000 9,85 Yes 
HD 40307 4981 4,47 0,54 -0,31 0,000 0,001 0,000 48,25 Yes 
HD 40397 5527 4,38 0,84 -0,13 0,000 0,000 0,000 5,90 Yes 
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HD 44120 6053 4,25 1,30 0,13 0,000 0,000 0,000 11,32 Yes 
HD 44420 5820 4,36 1,07 0,29 0,000 0,000 0,000 21,00 Yes 
HD 44447 6002 4,36 1,26 -0,22 0,000 0,000 0,000 4,87 Yes 
HD 44573 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 44594 5837 4,37 1,06 0,15 0,000 0,001 0,000 11,58 Yes 
HD 45184 5874 4,47 1,04 0,04 0,000 -0,001 0,000 5,38 Yes 
HD 45289 5717 4,32 0,99 -0,02 0,000 0,000 0,000 22,00 Yes 
HD 45364 5436 4,38 0,72 -0,17 0,000 -0,001 0,000 3,57 Yes 
HD 47186 5671 4,36 0,92 0,23 0,000 -0,001 0,000 5,63 Yes 
HD 48611 5335 4,50 0,69 -0,36 0,000 0,000 0,000 6,92 Yes 
HD 50590 4874 4,39 0,35 -0,22 0,000 0,000 0,000 22,52 Yes 
HD 50806 5633 4,10 1,03 0,03 0,000 0,000 0,000 12,72 Yes 
HD 51608 5359 4,36 0,73 -0,07 0,000 -0,001 0,000 12,18 Yes 
HD 52265 6142 4,36 1,32 0,22 0,000 0,000 0,000 8,95 Yes 
HD 52919 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 55693 5915 4,42 1,07 0,29 0,000 -0,001 0,000 9,47 Yes 
HD 59468 5614 4,38 0,87 0,03 0,000 0,001 0,000 5,87 Yes 
HD 59711A 5725 4,46 0,87 -0,12 0,000 0,000 0,000 18,40 Yes 
HD 63454 4837 4,29 0,81 0,06 0,000 0,000 0,000 11,47 Yes 
HD 63765 5438 4,42 0,82 -0,16 0,000 0,000 0,000 13,63 Yes 
HD 65216 5609 4,44 0,78 -0,17 0,000 0,000 0,000 9,25 Yes 
HD 65277 4807 4,43 0,57 -0,31 0,000 0,000 0,000 29,33 Yes 
HD 65562 5071 4,38 0,46 -0,10 0,000 0,000 0,000 55,45 Yes 
HD 65907A 5944 4,51 1,05 -0,31 0,000 0,000 0,000 5,62 Yes 
HD 66221 5638 4,39 0,93 0,17 0,000 0,000 0,000 26,28 Yes 
HD 66428 5706 4,30 0,97 0,25 0,000 -0,001 0,000 4,43 Yes 
HD 67458 5891 4,52 1,03 -0,15 0,000 0,001 0,000 3,67 Yes 
HD 68607 5211 4,40 0,82 0,07 0,000 0,000 0,000 76,83 Yes 
HD 68978A 5967 4,49 1,08 0,05 0,000 0,000 0,000 26,23 Yes 
HD 69655 5961 4,44 1,15 -0,19 0,000 0,000 0,000 11,85 Yes 
HD 69830 5399 4,40 0,78 -0,06 0,000 0,001 0,000 10,82 Yes 
HD 70642 5668 4,40 0,82 0,18 0,000 0,000 0,000 29,97 Yes 
HD 70889 6053 4,49 1,14 0,11 0,000 0,000 0,000 5,00 Yes 
HD 71334 5697 4,36 0,96 -0,09 0,000 0,001 0,000 3,13 Yes 
HD 71479 6026 4,41 1,20 0,24 0,000 0,000 0,000 4,98 Yes 
HD 71835 5437 4,39 0,78 -0,04 0,000 0,001 0,000 44,57 Yes 
HD 72579 5448 4,26 0,84 0,20 0,000 0,000 0,000 38,45 Yes 
HD 72673 5247 4,46 0,61 -0,41 0,000 -0,001 0,000 4,78 Yes 
HD 72769 5642 4,34 0,98 0,30 0,000 0,000 0,000 16,93 Yes 
HD 73121 6091 4,30 1,33 0,09 0,000 -0,001 0,000 6,05 Yes 
HD 73256 5527 4,41 1,11 0,22 0,000 0,001 0,000 6,17 Yes 
HD 73524 6018 4,41 1,15 0,16 0,000 0,000 0,000 3,45 Yes 
HD 74014 5564 4,33 0,91 0,22 0,000 -0,001 0,000 7,53 Yes 
HD 75289 6157 4,36 1,28 0,30 0,000 -0,001 0,000 3,07 Yes 
HD 76151 5789 4,48 0,95 0,12 0,000 0,001 0,000 8,53 Yes 
HD 78429 5764 4,33 1,01 0,09 0,000 -0,001 0,000 10,05 Yes 
HD 78538 5786 4,49 0,98 -0,03 0,000 0,000 0,000 17,75 Yes 
HD 78558 5711 4,35 0,99 -0,44 0,000 0,000 0,000 20,75 Yes 
HD 78612 5837 4,26 1,15 -0,24 0,000 0,001 0,000 7,38 Yes 
HD 78747 5783 4,46 1,04 -0,67 0,000 0,000 0,000 2,72 Yes 
HD 80883 5233 4,44 0,79 -0,25 0,000 0,001 0,000 41,02 Yes 
HD 81639 5517 4,40 0,78 -0,17 0,000 0,000 0,000 20,68 Yes 
HD 82342 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 82516 5105 4,45 0,72 0,00 0,000 0,001 0,000 12,27 Yes 
HD 82943 5988 4,42 1,11 0,26 0,000 0,001 0,000 4,15 Yes 
HD 83443 5512 4,42 0,93 0,34 0,000 0,000 0,000 58,40 Yes 
HD 83529 5898 4,34 1,11 -0,22 0,000 0,000 0,000 9,10 Yes 
HD 85119 5424 4,52 0,92 -0,20 0,000 0,000 0,000 28,97 Yes 
HD 85390 5191 4,41 0,77 -0,07 0,000 0,000 0,000 14,27 Yes 
HD 85512 4707 4,38 0,20 -0,32 0,000 0,000 0,000 70,90 Yes 
HD 86065 5025 4,50 0,91 -0,05 0,000 0,000 0,000 46,13 Yes 
HD 86140 4904 4,54 0,32 -0,25 0,000 -0,001 0,000 27,70 Yes 
HD 86171 5402 4,47 0,81 -0,25 0,000 0,000 0,000 13,00 Yes 
HD 87521 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 88084 5763 4,41 0,96 -0,10 0,000 -0,001 0,000 4,12 Yes 
HD 88218 5884 4,17 1,23 -0,13 0,000 -0,001 0,000 11,60 Yes 
HD 88656 5149 4,43 0,81 -0,11 0,000 0,000 0,000 22,20 Yes 
HD 88742 5982 4,51 1,07 -0,02 0,000 0,000 0,000 10,03 Yes 
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HD 89454 5729 4,46 0,97 0,12 0,000 0,000 0,000 40,75 Yes 
HD 90156 5597 4,47 0,86 -0,25 0,000 0,000 0,000 8,98 Yes 
HD 90711 5443 4,39 0,93 0,24 0,000 0,000 0,000 18,57 Yes 
HD 90812 5164 4,48 0,64 -0,36 0,000 -0,001 0,000 9,62 Yes 
HD 92588 5194 3,77 1,01 0,03 0,000 0,000 0,000 28,48 Yes 
HD 92719 5827 4,52 0,96 -0,10 0,000 -0,001 0,000 3,73 Yes 
HD 92788 5739 4,38 0,95 0,27 0,000 0,000 0,000 24,42 Yes 
HD 93083 5104 4,42 0,94 0,09 0,000 0,000 0,000 83,85 Yes 
HD 93380 4651 4,34 0,27 -0,72 0,000 0,000 0,000 19,23 Yes 
HD 93385 5980 4,42 1,14 0,02 0,000 0,000 0,000 31,73 Yes 
HD 94151 5582 4,38 0,83 0,04 0,000 -0,001 0,000 9,88 Yes 
HD 95456 6278 4,34 1,41 0,16 0,000 -0,001 0,000 3,68 Yes 
HD 95521 5774 4,49 0,95 -0,15 0,000 -0,001 0,000 5,23 Yes 
HD 96423 5712 4,34 0,98 0,10 0,000 0,000 0,000 10,90 Yes 
HD 96700 5849 4,39 1,04 -0,18 0,000 -0,001 0,000 7,40 Yes 
HD 97037 5880 4,33 1,13 -0,08 0,000 0,001 0,000 3,12 Yes 
HD 97343 5407 4,38 0,82 -0,06 0,000 0,000 0,000 17,05 Yes 
HD 97998 5718 4,58 0,84 -0,42 0,000 -0,001 0,000 6,12 Yes 
HD 98281 5387 4,42 0,65 -0,26 0,000 0,000 0,000 15,23 Yes 
HD 98356 5320 4,41 0,82 0,11 0,000 0,000 0,000 76,78 Yes 
HD 100508 5453 4,42 0,86 0,39 0,000 0,000 0,000 14,73 Yes 
HD 100777 5535 4,32 0,81 0,25 0,000 0,000 0,000 15,62 Yes 
HD 101581 4733 4,44 0,66 -0,53 0,000 0,001 0,000 23,40 Yes 
HD 101930 5168 4,40 0,92 0,13 0,000 -0,001 0,000 73,00 Yes 
HD 102117 5654 4,29 1,00 0,27 0,000 0,000 0,000 6,02 Yes 
HD 102365 5627 4,44 0,90 -0,29 0,000 0,000 0,000 13,23 Yes 
HD 102438 5559 4,41 0,84 -0,29 0,000 0,000 0,000 4,25 Yes 
HD 103949 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 104006 5024 4,56 0,17 -0,78 0,000 0,000 0,000 62,90 Yes 
HD 104067 4974 4,46 1,00 -0,07 0,000 0,000 0,000 26,53 Yes 
HD 104263 5478 4,33 0,82 0,02 0,000 0,000 0,000 7,17 Yes 
HD 104982 5688 4,43 0,90 -0,19 0,000 -0,001 0,000 11,37 Yes 
HD 105671 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 105837 5908 4,54 1,14 -0,51 0,000 0,000 0,000 5,17 Yes 
HD 106116 5681 4,38 0,91 0,14 0,000 0,000 0,000 19,97 Yes 
HD 106275 5055 4,46 0,68 -0,09 0,000 0,000 0,000 48,18 Yes 
HD 107148 5803 4,39 0,93 0,31 0,000 0,000 0,000 48,58 Yes 
HD 108147 6259 4,47 1,30 0,18 0,000 -0,001 0,000 3,18 Yes 
HD 108309 5777 4,24 1,08 0,12 0,000 -0,001 0,000 4,25 Yes 
HD 109200 5134 4,51 0,68 -0,31 0,000 0,001 0,000 83,53 Yes 
HD 109409 5884 4,16 1,24 0,32 0,000 0,000 0,000 5,42 Yes 
HD 109423 5069 4,43 0,86 -0,07 0,000 0,000 0,000 95,30 Yes 
HD 110619 5606 4,49 0,83 -0,41 0,000 0,001 0,000 7,35 Yes 
HD 111031 5799 4,38 1,05 0,27 0,000 -0,001 0,000 12,50 Yes 
HD 111232 5463 4,41 0,64 -0,43 0,000 0,000 0,000 23,70 Yes 
HD 112540 5523 4,52 0,74 -0,17 0,000 -0,001 0,000 13,82 Yes 
HD 114386 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 114613 5734 3,96 1,19 0,19 0,000 0,000 0,000 9,18 Yes 
HD 114729 5843 4,18 1,23 -0,28 0,000 0,001 0,000 2,87 Yes 
HD 114747 5171 4,43 0,98 0,21 0,000 0,001 0,000 10,83 Yes 
HD 114783 5130 4,41 0,88 0,03 0,000 0,000 0,000 72,80 Yes 
HD 114853 5712 4,44 0,93 -0,22 0,000 0,000 0,000 19,43 Yes 
HD 115585 5710 4,26 1,14 0,34 0,000 0,000 0,000 21,02 Yes 
HD 115617 5557 4,35 0,81 -0,02 0,000 0,000 0,000 9,62 Yes 
HD 115674 5652 4,48 0,85 -0,17 0,000 0,000 0,000 17,52 Yes 
HD 116858 4991 4,52 0,77 -0,21 0,000 0,000 0,000 54,97 Yes 
HD 116920 5019 4,45 0,70 -0,24 0,000 -0,001 0,000 54,53 Yes 
HD 117105 5896 4,42 1,14 -0,29 0,000 0,000 0,000 5,18 Yes 
HD 117207 5663 4,32 1,00 0,22 0,000 0,001 0,000 36,15 Yes 
HD 117618 5994 4,40 1,14 0,03 0,000 0,000 0,000 4,82 Yes 
HD 119638 6068 4,41 1,21 -0,15 0,000 0,000 0,000 6,75 Yes 
HD 119782 5158 4,43 0,79 -0,07 0,000 0,000 0,000 38,10 Yes 
HD 121504 6022 4,48 1,12 0,13 0,000 0,000 0,000 22,67 Yes 
HD 122862 5984 4,23 1,29 -0,12 0,000 0,000 0,000 4,63 Yes 
HD 123265 5333 4,28 0,85 0,19 0,000 0,000 0,000 24,07 Yes 
HD 124106 5103 4,49 0,78 -0,17 0,000 0,000 0,000 41,17 Yes 
HD 124292 5440 4,37 0,77 -0,13 0,000 0,001 0,000 29,78 Yes 
HD 124364 5582 4,47 0,83 -0,28 0,000 0,000 0,000 32,75 Yes 
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HD 125072 5008 4,56 1,04 0,18 0,000 0,001 0,000 93,67 Yes 
HD 125184 5674 4,09 1,13 0,27 0,000 0,000 0,000 12,80 Yes 
HD 125455 5167 4,52 0,71 -0,19 0,000 0,000 0,000 4,47 Yes 
HD 125881 6036 4,48 1,10 0,06 0,000 0,001 0,000 3,90 Yes 
HD 126525 5638 4,37 0,90 -0,10 0,000 0,000 0,000 10,17 Yes 
HD 128674 5553 4,50 0,70 -0,37 0,000 0,001 0,000 4,18 Yes 
HD 129642 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 130322 5363 4,36 0,90 -0,02 0,000 0,001 0,000 6,58 Yes 
HD 130930 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 130992 4898 4,53 0,70 -0,14 0,000 0,000 0,000 63,65 Yes 
HD 132648 5416 4,49 0,69 -0,37 0,000 0,001 0,000 5,58 Yes 
HD 134060 5957 4,42 1,10 0,13 0,000 0,000 0,000 5,80 Yes 
HD 134606 5636 4,37 1,00 0,27 0,000 0,001 0,000 5,18 Yes 
HD 134664 5864 4,52 0,98 0,10 0,000 0,001 0,000 5,78 Yes 
HD 134985 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 134987 5743 4,30 1,08 0,25 0,000 0,000 0,000 14,53 Yes 
HD 136352 5665 4,39 0,90 -0,34 0,000 0,000 0,000 5,43 Yes 
HD 136713 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 136894 5411 4,36 0,75 -0,10 0,000 -0,001 0,000 20,97 Yes 
HD 137303 4754 4,50 0,41 -0,35 0,000 0,000 0,000 74,08 Yes 
HD 137388 5239 4,41 0,92 0,18 0,000 0,001 0,000 95,80 Yes 
HD 138549 5583 4,44 0,87 0,00 0,000 0,000 0,000 25,78 Yes 
HD 140901 5612 4,45 0,90 0,09 0,000 0,000 0,000 54,80 Yes 
HD 141937 5895 4,45 0,99 0,13 0,000 -0,001 0,000 13,95 Yes 
HD 142022A ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 142709 4725 4,43 0,82 -0,35 0,000 0,001 0,000 38,35 Yes 
HD 143114 5775 4,38 0,92 -0,41 0,000 0,000 0,000 5,90 Yes 
HD 143295 4993 4,42 0,91 -0,04 0,000 0,000 0,000 15,68 Yes 
HD 144411 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 144497 5019 4,50 0,81 -0,12 0,000 0,000 0,000 59,33 Yes 
HD 144585 5912 4,34 1,15 0,33 0,000 0,000 0,000 8,62 Yes 
HD 144628 5083 4,50 0,54 -0,41 0,000 0,000 0,000 71,60 Yes 
HD 145598 5421 4,48 0,60 -0,78 0,000 0,000 0,000 55,72 Yes 
HD 145666 5960 4,54 1,04 -0,03 0,000 0,000 0,000 5,57 Yes 
HD 145809 5779 4,15 1,14 -0,25 0,000 0,000 0,000 4,85 Yes 
HD 146233 5817 4,45 0,99 0,05 0,000 0,000 0,000 5,18 Yes 
HD 147512 5530 4,39 0,81 -0,08 0,000 0,001 0,000 11,67 Yes 
HD 147513 5862 4,48 1,04 0,03 0,000 0,000 0,000 9,98 Yes 
HD 148303 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 150433 5665 4,44 0,88 -0,36 0,000 0,000 0,000 11,60 Yes 
HD 151504 5449 4,35 0,86 0,06 0,000 0,000 0,000 11,95 Yes 
HD 153851 5052 4,49 0,91 -0,25 0,000 -0,001 0,000 5,15 Yes 
HD 154088 5377 4,37 0,85 0,28 0,000 0,000 0,000 12,32 Yes 
HD 154363 4722 4,41 0,50 -0,61 0,000 -0,001 0,000 32,30 Yes 
HD 154577 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 154962 5827 4,16 1,22 0,31 0,000 -0,001 0,000 4,85 Yes 
HD 157172 5454 4,39 0,77 0,11 0,000 0,000 0,000 4,82 Yes 
HD 157338 6026 4,43 1,17 -0,08 0,000 0,000 0,000 5,28 Yes 
HD 157347 5675 4,37 0,91 0,02 0,000 0,000 0,000 6,17 Yes 
HD 157830 5544 4,48 0,77 -0,25 0,000 0,000 0,000 4,22 Yes 
HD 159868 5559 3,95 1,02 -0,08 0,000 0,001 0,000 36,57 Yes 
HD 160691 5778 4,27 1,08 0,30 0,000 0,000 0,000 12,78 Yes 
HD 161098 5556 4,46 0,78 -0,27 0,000 0,001 0,000 17,00 Yes 
HD 161612 5616 4,44 0,89 0,16 0,000 0,000 0,000 29,97 Yes 
HD 162020 4858 4,47 0,78 -0,10 0,000 0,000 0,000 17,03 Yes 
HD 162236 5342 4,42 0,82 -0,13 0,000 0,000 0,000 9,85 Yes 
HD 162396 6089 4,27 1,43 -0,35 0,000 0,000 0,000 23,07 Yes 
HD 165920 5344 4,39 0,80 0,29 0,000 -0,001 0,000 37,07 Yes 
HD 166724 5135 4,44 0,80 -0,09 0,000 -0,001 0,000 47,87 Yes 
HD 167359 5351 4,46 0,68 -0,19 0,000 0,000 0,000 48,35 Yes 
HD 168159 4784 4,41 1,01 -0,16 0,000 0,000 0,000 26,77 Yes 
HD 168746 5566 4,33 0,80 -0,10 0,000 0,001 0,000 15,78 Yes 
HD 168871 5984 4,41 1,17 -0,09 0,000 0,000 0,000 10,50 Yes 
HD 169830 6358 4,20 1,56 0,18 0,000 -0,001 0,000 98,60 Yes 
HD 170493 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 171665 5654 4,41 0,89 -0,05 0,000 0,001 0,000 8,52 Yes 
HD 171990 6045 4,13 1,40 0,06 0,000 0,000 0,000 12,25 Yes 
HD 172513 5501 4,41 0,79 -0,05 0,000 0,000 0,000 101,10 Yes 
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HD 174545 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 176157 5177 4,41 0,91 -0,16 0,000 0,000 0,000 104,80 Yes 
HD 176986 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 177409 5895 4,49 0,99 -0,04 0,000 -0,001 0,000 14,85 Yes 
HD 177565 5624 4,39 0,90 0,08 0,000 0,001 0,000 4,67 Yes 
HD 177758 5867 4,42 1,12 -0,58 0,000 -0,001 0,000 11,85 Yes 
HD 179949 6288 4,53 1,36 0,21 0,000 0,000 0,000 18,42 Yes 
HD 180409 6011 4,52 1,16 -0,17 0,000 0,001 0,000 108,90 Yes 
HD 181433 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 183658 5805 4,39 1,01 0,03 0,000 0,000 0,000 99,17 Yes 
HD 183783 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 183870 5025 4,48 0,77 -0,07 0,000 0,000 0,000 16,50 Yes 
HD 185615 5568 4,33 0,84 0,08 0,000 0,000 0,000 16,43 Yes 
HD 186061 5021 4,51 0,63 -0,02 0,000 0,000 0,000 93,15 Yes 
HD 187456 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 188559 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 188748 5626 4,43 0,83 -0,12 0,000 -0,001 0,000 30,67 Yes 
HD 189242 4914 4,46 0,56 -0,38 0,000 0,000 0,000 17,87 Yes 
HD 189567 5729 4,40 0,96 -0,24 0,000 0,001 0,000 16,53 Yes 
HD 189625 5847 4,42 1,03 0,18 0,000 0,000 0,000 5,95 Yes 
HD 190248 5604 4,25 0,99 0,33 0,000 0,000 0,000 5,45 Yes 
HD 190647 5643 4,18 0,99 0,23 0,000 0,000 0,000 3,58 Yes 
HD 190954 5423 4,46 0,61 -0,41 0,000 -0,001 0,000 62,83 Yes 
HD 191847 5060 4,44 0,47 -0,12 0,000 0,000 0,000 6,87 Yes 
HD 192031 5212 4,38 0,09 -0,84 0,000 0,000 0,000 6,87 Yes 
HD 192117 5475 4,47 0,74 -0,04 0,000 -0,001 0,000 36,38 Yes 
HD 192310 5169 4,50 0,99 -0,04 0,000 0,001 0,000 91,50 Yes 
HD 192961 4625 4,30 0,59 -0,36 0,000 0,000 0,000 5,32 Yes 
HD 193193 5977 4,39 1,15 -0,05 0,000 0,000 0,000 16,38 Yes 
HD 193844 4999 4,43 0,46 -0,30 0,000 0,000 0,000 6,72 Yes 
HD 195302 5060 4,43 0,64 0,02 0,000 0,001 0,000 6,33 Yes 
HD 195564 5674 4,03 1,11 0,06 0,000 0,000 0,000 5,72 Yes 
HD 196050 5918 4,33 1,21 0,24 0,000 0,000 0,000 11,37 Yes 
HD 196761 5415 4,43 0,75 -0,31 0,000 0,000 0,000 16,28 Yes 
HD 196800 6011 4,37 1,17 0,19 0,000 0,000 0,000 5,83 Yes 
HD 197210 5578 4,42 0,86 -0,03 0,000 -0,001 0,000 13,33 Yes 
HD 197823 5397 4,40 0,83 0,12 0,000 0,000 0,000 23,90 Yes 
HD 198075 5840 4,56 0,93 -0,24 0,000 0,000 0,000 5,25 Yes 
HD 199190 5925 4,26 1,14 0,15 0,000 0,000 0,000 2,57 Yes 
HD 199288 5762 4,49 1,00 -0,63 0,000 -0,001 0,000 32,30 Yes 
HD 199933 4730 4,31 0,65 -0,15 0,000 0,001 0,000 30,32 Yes 
HD 199960 5976 4,38 1,13 0,28 0,000 0,000 0,000 24,12 Yes 
HD 200505 5057 4,47 0,74 -0,45 0,000 0,000 0,000 12,20 Yes 
HD 202206 5760 4,46 1,02 0,29 0,000 0,000 0,000 6,17 Yes 
HD 202605 5657 4,49 1,01 0,18 0,000 0,000 0,000 20,38 Yes 
HD 203384 5586 4,40 0,90 0,26 0,000 0,000 0,000 120,97 Yes 
HD 203413 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 203432 5642 4,39 0,97 0,29 0,000 0,001 0,000 7,93 Yes 
HD 203850 4880 4,50 0,39 -0,68 0,000 0,000 0,000 6,50 Yes 
HD 204313 5772 4,38 0,99 0,18 0,000 0,001 0,000 12,08 Yes 
HD 204385 6032 4,43 1,16 0,06 0,000 -0,001 0,000 30,00 Yes 
HD 204941 5058 4,48 0,70 -0,18 0,000 0,000 0,000 6,85 Yes 
HD 205536 5444 4,37 0,78 -0,05 0,000 0,000 0,000 33,30 Yes 
HD 206163 5521 4,43 0,94 0,02 0,000 0,001 0,000 24,63 Yes 
HD 206172 5609 4,48 0,78 -0,24 0,000 0,000 0,000 5,18 Yes 
HD 207129 5937 4,48 1,06 0,00 0,000 0,000 0,000 47,35 Yes 
HD 207583 5537 4,46 0,99 0,02 0,000 0,001 0,000 10,17 Yes 
HD 207700 5666 4,28 0,98 0,04 0,000 0,001 0,000 6,08 Yes 
HD 207970 5556 4,38 0,79 0,07 0,000 0,000 0,000 33,25 Yes 
HD 208272 5197 4,41 0,99 -0,08 0,000 0,000 0,000 4,67 Yes 
HD 208487 6146 4,47 1,24 0,08 0,000 0,000 0,000 56,90 Yes 
HD 208573 4907 4,41 0,85 0,00 0,000 -0,001 0,000 23,83 Yes 
HD 208704 5828 4,39 1,03 -0,08 0,000 0,000 0,000 112,22 Yes 
HD 209100 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 209458 6116 4,49 1,21 0,03 0,000 0,000 0,000 93,53 Yes 
HD 209742 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 210277 5506 4,30 0,86 0,18 0,000 0,000 0,000 16,83 Yes 
HD 210752 5917 4,45 1,03 -0,58 0,000 0,000 0,000 5,38 Yes 
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HD 210918 5752 4,35 0,98 -0,09 0,000 0,000 0,000 27,42 Yes 
HD 210975 4750 4,36 0,18 -0,43 0,000 0,000 0,000 70,17 Yes 
HD 211038 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 211369 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 211415 5850 4,38 0,99 -0,21 0,000 0,000 0,000 4,90 Yes 
HD 212301 6268 4,54 1,29 0,18 0,000 0,000 0,000 38,52 Yes 
HD 212563 5014 4,51 0,88 -0,02 0,000 0,000 0,000 24,10 Yes 
HD 212580 5151 4,43 0,84 -0,11 0,000 0,001 0,000 6,95 Yes 
HD 212708 5684 4,34 0,99 0,27 0,000 0,000 0,000 38,17 Yes 
HD 213042 4831 4,38 0,81 0,08 0,000 -0,001 0,000 5,03 Yes 
HD 213240 5985 4,27 1,25 0,14 0,000 0,000 0,000 11,67 Yes 
HD 213575 5672 4,18 1,02 -0,15 0,000 0,000 0,000 6,05 Yes 
HD 213628 5550 4,43 0,82 0,01 0,000 0,001 0,000 12,07 Yes 
HD 213941 5532 4,40 0,71 -0,46 0,000 0,000 0,000 16,80 Yes 
HD 214385 5653 4,43 0,80 -0,34 0,000 -0,001 0,000 10,95 Yes 
HD 214759 5459 4,37 0,85 0,18 0,000 0,000 0,000 106,67 Yes 
HD 215152 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 215456 5790 4,09 1,19 -0,09 0,000 0,001 0,000 4,73 Yes 
HD 216435 6009 4,21 1,34 0,24 0,000 0,000 0,000 13,57 Yes 
HD 216770 5425 4,38 0,91 0,24 0,000 0,000 0,000 5,67 Yes 
HD 216777 5623 4,50 0,81 -0,38 0,000 0,000 0,000 24,78 Yes 
HD 218249 5014 4,52 0,46 -0,40 0,000 0,000 0,000 46,07 Yes 
HD 218511 4558 4,30 0,44 -0,11 0,000 0,000 0,000 70,35 Yes 
HD 218572 4780 4,53 0,49 -0,56 0,000 0,000 0,000 21,22 Yes 
HD 219077 5365 4,00 0,92 -0,13 0,000 0,000 0,000 16,83 Yes 
HD 219249 5480 4,48 0,75 -0,40 0,000 0,000 0,000 23,45 Yes 
HD 220256 5151 4,41 0,49 -0,10 0,000 0,000 0,000 16,63 Yes 
HD 220339 5030 4,55 0,76 -0,35 0,000 -0,001 0,000 5,18 Yes 
HD 220367 6130 4,37 1,34 -0,21 0,000 0,000 0,000 11,15 Yes 
HD 220507 5695 4,29 1,00 0,01 0,000 0,000 0,000 5,73 Yes 
HD 221146 5881 4,28 1,09 0,09 0,000 -0,001 0,000 7,62 Yes 
HD 221287 6371 4,62 1,28 0,04 0,000 0,000 0,000 9,53 Yes 
HD 221356 6109 4,52 1,12 -0,20 0,000 0,000 0,000 15,40 Yes 
HD 221420 5848 4,02 1,28 0,33 0,000 -0,001 0,000 105,12 Yes 
HD 222237 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 222335 5267 4,48 0,82 -0,20 0,000 0,000 0,000 7,00 Yes 
HD 222422 5470 4,45 0,72 -0,12 0,000 0,000 0,000 5,42 Yes 
HD 222582 5775 4,36 0,99 -0,01 0,000 0,001 0,000 6,20 Yes 
HD 222595 5651 4,45 0,89 0,01 0,000 -0,001 0,000 10,92 Yes 
HD 222669 5899 4,46 1,01 0,05 0,000 0,000 0,000 101,52 Yes 
HD 223121 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 223171 5842 4,20 1,13 0,11 0,000 -0,001 0,000 13,62 Yes 
HD 223282 5327 4,48 0,61 -0,41 0,000 0,000 0,000 20,47 Yes 
HD 224393 5777 4,53 0,85 -0,38 0,000 0,000 0,000 26,95 Yes 
HD 224619 5434 4,38 0,79 -0,20 0,000 0,000 0,000 7,37 Yes 
HD 224789 5182 4,43 1,05 -0,03 0,000 0,000 0,000 92,95 Yes 
HD 330075 5025 4,32 0,61 0,04 0,000 0,000 0,000 114,62 Yes 
HIP 21539 ~ ~ ~ ~ ~ ~ ~ ~ No 
HIP 22059 4745 4,40 0,79 -0,32 0,000 0,000 0,000 62,95 Yes 
HIP 26542 4748 4,47 0,64 -0,54 0,000 0,001 0,000 103,42 Yes 
HIP 98764 ~ ~ ~ ~ ~ ~ ~ ~ No 
 
Table B1 – Derived results of the 451 HARPS GTO program stars with Amoeba (C 
implementation). The convergence time (Conver. Time) for each star is listed in 
minutes.  
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Star HD 
Teff  
(K) 
log(g) 
(cm.s
-2
) 
ξ 
(km/s) 
[Fe/H] 
Slope 
1 
Slope 
2 
Abundance 
Difference 
Conver. 
Time 
Conver
gence 
HD 55 4680 4,51 0,03 -0,66 0,000 -0,001 0,000 20,97 Yes 
HD 142 6404 4,61 1,74 0,09 0,000 0,000 0,000 7,78 Yes 
HD 283 5152 4,51 0,44 -0,54 0,000 -0,001 0,000 7,38 Yes 
HD 361 5914 4,60 0,99 -0,11 0,000 0,001 0,000 2,72 Yes 
HD 750 5062 4,38 0,60 -0,29 0,000 0,000 0,000 19,77 Yes 
HD 870 5379 4,42 0,78 -0,10 0,000 0,001 0,000 15,33 Yes 
HD 967 5563 4,51 0,78 -0,68 0,000 0,000 0,000 7,87 Yes 
HD 1237 5519 4,49 1,11 0,07 0,000 -0,001 0,000 8,70 Yes 
HD 1320 5679 4,49 0,84 -0,27 0,000 0,001 0,000 10,28 Yes 
HD 1388 5951 4,40 1,13 -0,01 0,000 0,001 0,000 3,15 Yes 
HD 1461 5763 4,38 0,97 0,19 0,000 -0,001 0,000 4,65 Yes 
HD 1581 5975 4,50 1,12 -0,18 0,000 -0,001 0,000 4,10 Yes 
HD 2025 4938 4,58 0,61 -0,34 0,000 -0,001 0,000 64,23 Yes 
HD 2071 5724 4,47 0,95 -0,09 0,000 0,000 0,000 4,18 Yes 
HD 2638 5198 4,42 0,75 0,12 0,000 0,000 0,000 37,62 Yes 
HD 3569 5156 4,54 0,58 -0,31 0,000 0,000 0,000 26,08 Yes 
HD 3823 6023 4,30 1,39 -0,28 0,000 0,001 0,000 20,05 Yes 
HD 4208 5602 4,44 0,78 -0,28 0,000 0,000 0,000 13,72 Yes 
HD 4307 5812 4,09 1,22 -0,22 0,000 0,000 0,000 3,58 Yes 
HD 4308 5641 4,37 0,89 -0,34 0,000 0,001 0,000 10,65 Yes 
HD 4915 5660 4,51 0,91 -0,21 0,000 0,001 0,000 6,42 Yes 
HD 6348 5109 4,50 0,11 -0,56 0,000 0,000 0,000 27,62 Yes 
HD 6673 4963 4,49 0,58 -0,26 0,000 0,000 0,000 32,62 Yes 
HD 6735 6082 4,48 1,15 -0,06 0,000 0,000 0,000 9,33 Yes 
HD 7134 5937 4,41 1,17 -0,29 0,000 -0,001 0,000 2,98 Yes 
HD 7199 5389 4,33 1,01 0,28 0,000 0,000 0,000 6,28 Yes 
HD 7449 6026 4,51 1,11 -0,11 0,000 -0,001 0,000 15,47 Yes 
HD 8326 4967 4,47 0,80 0,02 0,000 0,000 0,000 28,33 Yes 
HD 8389A 5287 4,37 1,06 0,34 0,000 0,000 0,000 57,75 Yes 
HD 8406 5729 4,50 0,88 -0,10 0,000 0,000 0,000 4,25 Yes 
HD 8638 5509 4,43 0,74 -0,38 0,000 0,000 0,000 14,23 Yes 
HD 8828 5401 4,45 0,72 -0,16 0,000 0,000 0,000 4,25 Yes 
HD 8859 5503 4,40 0,79 -0,09 0,000 0,000 0,000 16,25 Yes 
HD 8912 5212 4,43 0,70 -0,07 0,000 0,000 0,000 53,87 Yes 
HD 9246 5001 4,48 0,17 -0,53 0,000 -0,001 0,000 38,90 Yes 
HD 9782 6023 4,40 1,09 0,09 0,000 0,000 0,000 14,00 Yes 
HD 9796 5177 4,37 0,66 -0,25 0,000 0,000 0,000 30,72 Yes 
HD 10002 5312 4,39 0,82 0,17 0,000 0,000 0,000 78,32 Yes 
HD 10166 5225 4,48 0,75 -0,39 0,000 -0,001 0,000 3,93 Yes 
HD 10180 5910 4,38 1,10 0,08 0,000 -0,001 0,000 28,87 Yes 
HD 10647 6217 4,61 1,22 0,00 0,000 0,000 0,000 3,30 Yes 
HD 10700 5309 4,43 0,54 -0,52 0,000 0,001 0,000 9,57 Yes 
HD 11226 6099 4,32 1,29 0,04 0,000 0,001 0,000 9,77 Yes 
HD 11505 5752 4,37 0,99 -0,22 0,000 0,000 0,000 11,70 Yes 
HD 11683 5004 4,41 0,59 -0,21 0,000 0,001 0,000 84,07 Yes 
HD 11964A 5329 3,90 0,98 0,08 0,000 0,000 0,000 7,83 Yes 
HD 12345 5394 4,44 0,69 -0,21 0,000 0,000 0,000 4,48 Yes 
HD 12387 5698 4,38 0,93 -0,25 0,000 0,000 0,000 4,88 Yes 
HD 12617 4892 4,46 0,76 0,10 0,000 0,000 0,000 51,70 Yes 
HD 13060 5258 4,34 0,82 0,02 0,000 0,000 0,000 11,00 Yes 
HD 13724 5868 4,53 1,02 0,23 0,000 0,000 0,000 3,63 Yes 
HD 13789 4740 4,32 0,80 -0,07 0,000 0,000 0,000 7,48 Yes 
HD 13808 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 14374 5428 4,47 0,83 -0,05 0,000 -0,001 0,000 48,92 Yes 
HD 14635 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 14680 5015 4,46 0,71 -0,17 0,000 0,000 0,000 12,52 Yes 
HD 14744 4918 4,44 0,42 -0,12 0,000 0,000 0,000 13,78 Yes 
HD 14747 5522 4,43 0,73 -0,38 0,000 0,000 0,000 34,35 Yes 
HD 15337 5178 4,38 0,70 0,06 0,000 0,000 0,000 31,97 Yes 
HD 16141 5803 4,19 1,10 0,16 0,000 0,000 0,000 9,32 Yes 
HD 16270 4788 4,38 0,84 0,06 0,000 0,000 0,000 75,35 Yes 
HD 16297 5420 4,46 0,81 -0,01 0,000 0,000 0,000 25,50 Yes 
HD 16417 5835 4,15 1,17 0,13 0,000 0,001 0,000 4,07 Yes 
HD 16714 5521 4,41 0,77 -0,20 0,000 -0,001 0,000 3,50 Yes 
HD 17051 6223 4,52 1,28 0,19 0,000 0,000 0,000 7,98 Yes 
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HD 17970 5041 4,39 0,27 -0,45 0,000 0,001 0,000 18,83 Yes 
HD 18386 5460 4,38 0,93 0,14 0,000 0,000 0,000 5,77 Yes 
HD 18719 5237 4,40 0,92 -0,08 0,000 0,001 0,000 28,98 Yes 
HD 19034 5479 4,41 0,69 -0,48 0,000 -0,001 0,000 3,33 Yes 
HD 19467 5718 4,30 0,96 -0,14 0,000 -0,001 0,000 9,35 Yes 
HD 19994 6294 4,49 1,72 0,25 0,000 -0,001 0,000 9,12 Yes 
HD 20003 5496 4,41 0,82 0,04 0,000 0,000 0,000 8,77 Yes 
HD 20407 5868 4,49 1,09 -0,44 0,000 0,000 0,000 4,03 Yes 
HD 20619 5704 4,51 0,91 -0,22 0,000 -0,001 0,000 5,97 Yes 
HD 20781 5260 4,36 0,79 -0,11 0,000 -0,001 0,000 15,78 Yes 
HD 20782 5787 4,38 1,01 -0,05 0,000 0,000 0,000 4,45 Yes 
HD 20794 5404 4,40 0,68 -0,40 0,000 0,001 0,000 37,00 Yes 
HD 20807 5869 4,52 1,04 -0,22 0,000 0,000 0,000 8,77 Yes 
HD 21019 5467 3,92 1,05 -0,45 0,000 0,001 0,000 14,50 Yes 
HD 21209A 4671 4,30 0,55 -0,41 0,000 0,001 0,000 56,03 Yes 
HD 21411 5470 4,50 0,80 -0,26 0,000 -0,001 0,000 16,00 Yes 
HD 21693 5434 4,37 0,77 0,00 0,000 0,000 0,000 4,05 Yes 
HD 21749 4725 4,40 0,54 -0,02 0,000 -0,001 0,000 11,58 Yes 
HD 21938 5774 4,39 0,98 -0,47 0,000 0,000 0,000 7,98 Yes 
HD 22049 5148 4,52 0,89 -0,11 0,000 0,000 0,000 15,45 Yes 
HD 22610 5044 4,43 0,89 -0,22 0,000 0,000 0,000 34,22 Yes 
HD 22879 5855 4,44 1,23 -0,84 0,000 0,001 0,000 4,88 Yes 
HD 23079 5982 4,47 1,12 -0,12 0,000 0,000 0,000 5,30 Yes 
HD 23249 5151 3,89 1,01 0,13 0,000 0,001 0,000 4,93 Yes 
HD 23356 5005 4,50 0,88 -0,17 0,000 -0,001 0,000 19,62 Yes 
HD 23456 6179 4,56 1,38 -0,32 0,000 0,000 0,000 13,38 Yes 
HD 24331 4965 4,50 0,53 -0,31 0,000 0,000 0,000 17,17 Yes 
HD 24892 5358 3,98 0,87 -0,32 0,000 0,000 0,000 9,92 Yes 
HD 25105 5316 4,46 0,78 -0,15 0,000 0,000 0,000 33,23 Yes 
HD 25120 5132 4,46 0,87 -0,18 0,000 0,001 0,000 20,40 Yes 
HD 25565 5211 4,47 0,79 0,03 0,000 0,000 0,000 65,18 Yes 
HD 25673 5134 4,46 0,57 -0,51 0,000 0,000 0,000 4,67 Yes 
HD 26965A 5152 4,39 0,35 -0,31 0,000 0,000 0,000 6,18 Yes 
HD 27063 5770 4,44 0,95 0,05 0,000 0,000 0,000 4,72 Yes 
HD 27894 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 28185 5664 4,41 0,94 0,21 0,000 0,000 0,000 10,77 Yes 
HD 28471 5743 4,36 0,95 -0,06 0,000 0,000 0,000 7,42 Yes 
HD 28701 5710 4,40 0,95 -0,32 0,000 0,001 0,000 7,95 Yes 
HD 28821 5662 4,38 0,89 -0,12 0,000 -0,001 0,000 19,90 Yes 
HD 30278 5393 4,38 0,71 -0,17 0,000 0,001 0,000 17,75 Yes 
HD 30306 5536 4,31 0,90 0,17 0,000 0,000 0,000 4,53 Yes 
HD 31527 5897 4,44 1,09 -0,18 0,000 0,000 0,000 7,92 Yes 
HD 31560 4743 4,32 0,61 -0,06 0,000 0,000 0,000 94,28 Yes 
HD 31822 6042 4,55 1,15 -0,19 0,000 -0,001 0,000 6,72 Yes 
HD 32724 5816 4,26 1,14 -0,17 0,000 0,001 0,000 9,08 Yes 
HD 33725 5273 4,41 0,70 -0,17 0,000 0,000 0,000 29,22 Yes 
HD 34449 5848 4,49 0,93 -0,09 0,000 0,000 0,000 12,83 Yes 
HD 34688 5170 4,44 0,71 -0,20 0,000 0,000 0,000 56,42 Yes 
HD 35854 4924 4,45 0,52 -0,13 0,000 0,001 0,000 31,67 Yes 
HD 36003 4650 4,31 0,43 -0,20 0,000 0,000 0,000 34,95 Yes 
HD 36108 5911 4,33 1,20 -0,21 0,000 0,001 0,000 27,60 Yes 
HD 36379 6026 4,28 1,29 -0,18 0,000 0,000 0,000 5,87 Yes 
HD 37962 5718 4,48 0,84 -0,20 0,000 0,001 0,000 7,00 Yes 
HD 37986 5507 4,30 0,91 0,27 0,000 0,001 0,000 3,93 Yes 
HD 38277 5869 4,33 1,09 -0,06 0,000 0,001 0,000 3,52 Yes 
HD 38382 6086 4,44 1,18 0,03 0,000 0,001 0,000 3,28 Yes 
HD 38858 5731 4,51 0,94 -0,22 0,000 0,000 0,000 2,95 Yes 
HD 38973 6014 4,41 1,14 0,05 0,000 0,000 0,000 3,13 Yes 
HD 39091 6006 4,43 1,11 0,09 0,000 -0,001 0,000 9,15 Yes 
HD 39194 5208 4,52 0,38 -0,61 0,000 0,000 0,000 12,35 Yes 
HD 40105 5140 3,85 0,97 0,06 0,000 0,000 0,000 9,33 Yes 
HD 40307 4982 4,47 0,55 -0,31 0,000 -0,001 0,000 7,98 Yes 
HD 40397 5526 4,38 0,83 -0,13 0,000 -0,001 0,000 25,17 Yes 
HD 44120 6054 4,25 1,30 0,13 0,000 0,000 0,000 8,50 Yes 
HD 44420 5818 4,37 1,06 0,29 0,000 0,000 0,000 18,05 Yes 
HD 44447 6001 4,37 1,26 -0,22 0,000 0,000 0,000 2,83 Yes 
HD 44573 5070 4,48 0,79 -0,06 0,000 0,001 0,000 21,63 Yes 
HD 44594 5840 4,37 1,06 0,15 0,000 0,000 0,000 5,03 Yes 
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HD 45184 5867 4,47 1,03 0,04 0,000 0,000 0,000 10,32 Yes 
HD 45289 5719 4,32 0,99 -0,02 0,000 0,000 0,000 24,53 Yes 
HD 45364 5436 4,37 0,72 -0,17 0,000 0,000 0,000 13,10 Yes 
HD 47186 5671 4,36 0,93 0,23 0,000 0,000 0,000 3,40 Yes 
HD 48611 5332 4,50 0,68 -0,36 0,000 -0,001 0,000 16,63 Yes 
HD 50590 4873 4,39 0,35 -0,22 0,000 0,000 0,000 24,28 Yes 
HD 50806 5631 4,10 1,03 0,03 0,000 0,000 0,000 5,12 Yes 
HD 51608 5354 4,35 0,73 -0,07 0,000 0,000 0,000 16,98 Yes 
HD 52265 6139 4,34 1,33 0,21 0,000 0,001 0,000 13,38 Yes 
HD 52919 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 55693 5912 4,43 1,06 0,30 0,000 0,001 0,000 5,05 Yes 
HD 59468 5613 4,38 0,87 0,03 0,000 0,000 0,000 11,55 Yes 
HD 59711A 5723 4,46 0,85 -0,12 0,000 0,001 0,000 4,35 Yes 
HD 63454 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 63765 5433 4,42 0,81 -0,16 0,000 0,000 0,000 13,37 Yes 
HD 65216 5610 4,44 0,78 -0,17 0,000 0,000 0,000 8,27 Yes 
HD 65277 4809 4,43 0,58 -0,31 0,000 0,000 0,000 45,50 Yes 
HD 65562 5074 4,38 0,47 -0,10 0,000 0,000 0,000 12,57 Yes 
HD 65907A 5946 4,51 1,06 -0,31 0,000 0,000 0,000 5,13 Yes 
HD 66221 5639 4,39 0,93 0,17 0,000 -0,001 0,000 21,77 Yes 
HD 66428 5708 4,30 0,97 0,25 0,000 0,000 0,000 11,05 Yes 
HD 67458 5891 4,52 1,04 -0,15 0,000 0,001 0,000 4,53 Yes 
HD 68607 5213 4,41 0,81 0,07 0,000 0,001 0,000 13,53 Yes 
HD 68978A 5968 4,49 1,08 0,05 0,000 0,000 0,000 5,85 Yes 
HD 69655 5964 4,46 1,15 -0,18 0,000 -0,001 0,000 4,35 Yes 
HD 69830 5401 4,40 0,79 -0,06 0,000 0,000 0,000 4,17 Yes 
HD 70642 5666 4,39 0,82 0,17 0,000 -0,001 0,000 5,40 Yes 
HD 70889 6052 4,49 1,14 0,11 0,000 0,000 0,000 3,93 Yes 
HD 71334 5693 4,36 0,95 -0,09 0,000 0,001 0,000 16,83 Yes 
HD 71479 6026 4,42 1,19 0,25 0,000 0,001 0,000 6,83 Yes 
HD 71835 5441 4,39 0,80 -0,04 0,000 0,000 0,000 7,15 Yes 
HD 72579 5449 4,27 0,84 0,20 0,000 0,001 0,000 8,68 Yes 
HD 72673 5241 4,46 0,59 -0,41 0,000 0,000 0,000 35,47 Yes 
HD 72769 5644 4,35 0,98 0,30 0,000 -0,001 0,000 36,95 Yes 
HD 73121 6089 4,30 1,33 0,09 0,000 0,000 0,000 3,43 Yes 
HD 73256 5529 4,42 1,11 0,23 0,000 0,000 0,000 24,07 Yes 
HD 73524 6017 4,42 1,14 0,16 0,000 0,000 0,000 9,45 Yes 
HD 74014 5563 4,32 0,91 0,22 0,000 0,000 0,000 12,45 Yes 
HD 75289 6162 4,38 1,28 0,30 0,000 -0,001 0,000 4,08 Yes 
HD 76151 5788 4,48 0,95 0,12 0,000 0,000 0,000 4,28 Yes 
HD 78429 5759 4,33 1,01 0,09 0,000 0,000 0,000 11,63 Yes 
HD 78538 5788 4,49 0,98 -0,03 0,000 0,000 0,000 3,28 Yes 
HD 78558 5715 4,36 0,99 -0,44 0,000 0,001 0,000 2,93 Yes 
HD 78612 5836 4,26 1,15 -0,24 0,000 -0,001 0,000 3,95 Yes 
HD 78747 5775 4,44 1,03 -0,67 0,000 0,000 0,000 6,57 Yes 
HD 80883 5229 4,44 0,78 -0,25 0,000 -0,001 0,000 12,33 Yes 
HD 81639 5518 4,40 0,78 -0,17 0,000 0,000 0,000 4,37 Yes 
HD 82342 4817 4,41 0,26 -0,53 0,000 0,001 0,000 64,33 Yes 
HD 82516 5107 4,46 0,73 0,00 0,000 0,001 0,000 69,12 Yes 
HD 82943 5989 4,43 1,10 0,26 0,000 0,000 0,000 3,83 Yes 
HD 83443 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 83529 5900 4,34 1,10 -0,22 0,000 0,001 0,000 14,55 Yes 
HD 85119 5427 4,52 0,93 -0,20 0,000 0,000 0,000 32,60 Yes 
HD 85390 5190 4,41 0,76 -0,07 0,000 -0,001 0,000 5,62 Yes 
HD 85512 4710 4,38 0,23 -0,32 0,000 0,001 0,000 47,90 Yes 
HD 86065 5024 4,49 0,91 -0,05 0,000 0,000 0,000 46,62 Yes 
HD 86140 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 86171 5397 4,47 0,80 -0,25 0,000 0,001 0,000 17,45 Yes 
HD 87521 4857 4,37 0,77 -0,04 0,000 0,000 0,000 57,15 Yes 
HD 88084 5764 4,41 0,96 -0,10 0,000 -0,001 0,000 13,80 Yes 
HD 88218 5878 4,16 1,23 -0,14 0,000 0,000 0,000 5,60 Yes 
HD 88656 5150 4,44 0,80 -0,11 0,000 0,000 0,000 13,88 Yes 
HD 88742 5983 4,51 1,07 -0,02 0,000 0,000 0,000 5,57 Yes 
HD 89454 5730 4,45 0,97 0,12 0,000 0,001 0,000 17,38 Yes 
HD 90156 5596 4,47 0,86 -0,25 0,000 0,000 0,000 15,05 Yes 
HD 90711 5445 4,40 0,92 0,24 0,000 -0,001 0,000 9,18 Yes 
HD 90812 5164 4,48 0,64 -0,36 0,000 -0,001 0,000 9,00 Yes 
HD 92588 5196 3,77 1,01 0,03 0,000 -0,001 0,000 14,83 Yes 
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HD 92719 5821 4,51 0,95 -0,10 0,000 0,000 0,000 17,17 Yes 
HD 92788 5741 4,38 0,95 0,27 0,000 0,000 0,000 16,43 Yes 
HD 93083 5106 4,43 0,93 0,09 0,000 -0,001 0,000 27,03 Yes 
HD 93380 4650 4,35 0,23 -0,72 0,000 0,000 0,000 24,17 Yes 
HD 93385 5978 4,42 1,14 0,02 0,000 0,001 0,000 10,92 Yes 
HD 94151 5582 4,36 0,84 0,03 0,000 0,000 0,000 19,95 Yes 
HD 95456 6277 4,34 1,41 0,16 0,000 0,000 0,000 4,05 Yes 
HD 95521 5774 4,49 0,95 -0,15 0,000 0,000 0,000 25,17 Yes 
HD 96423 5710 4,35 0,98 0,10 0,000 0,000 0,000 3,38 Yes 
HD 96700 5848 4,39 1,04 -0,18 0,000 0,000 0,000 22,25 Yes 
HD 97037 5880 4,33 1,13 -0,08 0,000 0,000 0,000 27,35 Yes 
HD 97343 5409 4,38 0,82 -0,06 0,000 0,000 0,000 18,88 Yes 
HD 97998 5714 4,58 0,83 -0,42 0,000 -0,001 0,000 30,60 Yes 
HD 98281 5382 4,41 0,64 -0,26 0,000 0,000 0,000 7,95 Yes 
HD 98356 5321 4,41 0,83 0,11 0,000 0,000 0,000 66,85 Yes 
HD 100508 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 100777 5531 4,32 0,81 0,25 0,000 0,000 0,000 7,28 Yes 
HD 101581 4739 4,45 0,67 -0,53 0,000 0,000 0,000 85,47 Yes 
HD 101930 5162 4,39 0,91 0,13 0,000 0,000 0,000 18,17 Yes 
HD 102117 5657 4,29 1,00 0,27 0,000 -0,001 0,000 22,67 Yes 
HD 102365 5628 4,44 0,91 -0,29 0,000 0,000 0,000 7,88 Yes 
HD 102438 5561 4,40 0,85 -0,29 0,000 0,000 0,000 15,20 Yes 
HD 103949 4885 4,48 0,52 -0,07 0,000 0,001 0,000 32,88 Yes 
HD 104006 5018 4,56 0,01 -0,78 0,000 0,000 0,000 5,30 Yes 
HD 104067 4970 4,46 0,99 -0,07 0,000 0,000 0,000 67,55 Yes 
HD 104263 5480 4,34 0,81 0,02 0,000 0,000 0,000 10,45 Yes 
HD 104982 5689 4,43 0,91 -0,19 0,000 0,000 0,000 13,37 Yes 
HD 105671 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 105837 5912 4,54 1,15 -0,51 0,000 -0,001 0,000 10,40 Yes 
HD 106116 5680 4,38 0,91 0,14 0,000 0,000 0,000 18,93 Yes 
HD 106275 5060 4,46 0,69 -0,09 0,000 -0,001 0,000 27,40 Yes 
HD 107148 5805 4,38 0,94 0,31 0,000 0,001 0,000 12,08 Yes 
HD 108147 6256 4,47 1,29 0,18 0,000 0,000 0,000 4,33 Yes 
HD 108309 5773 4,23 1,08 0,12 0,000 0,000 0,000 3,57 Yes 
HD 109200 5135 4,51 0,68 -0,31 0,000 0,000 0,000 12,52 Yes 
HD 109409 5887 4,16 1,24 0,33 0,000 0,001 0,000 9,08 Yes 
HD 109423 5071 4,43 0,86 -0,07 0,000 0,000 0,000 59,62 Yes 
HD 110619 5612 4,49 0,84 -0,41 0,000 0,001 0,000 8,20 Yes 
HD 111031 5800 4,38 1,05 0,27 0,000 0,000 0,000 8,80 Yes 
HD 111232 5458 4,42 0,62 -0,43 0,000 0,000 0,000 13,13 Yes 
HD 112540 5524 4,51 0,75 -0,17 0,000 0,000 0,000 18,87 Yes 
HD 114386 4916 4,39 0,23 -0,07 0,000 0,000 0,000 96,75 Yes 
HD 114613 5732 3,97 1,18 0,19 0,000 0,000 0,000 11,47 Yes 
HD 114729 5846 4,19 1,23 -0,27 0,000 0,001 0,000 6,53 Yes 
HD 114747 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 114783 5130 4,41 0,88 0,03 0,000 -0,001 0,000 33,32 Yes 
HD 114853 5705 4,44 0,92 -0,23 0,000 0,000 0,000 16,72 Yes 
HD 115585 5709 4,26 1,14 0,35 0,000 0,000 0,000 11,10 Yes 
HD 115617 5558 4,35 0,81 -0,02 0,000 0,000 0,000 3,43 Yes 
HD 115674 5652 4,48 0,85 -0,17 0,000 -0,001 0,000 4,93 Yes 
HD 116858 4998 4,53 0,79 -0,21 0,000 -0,001 0,000 25,28 Yes 
HD 116920 5015 4,44 0,70 -0,24 0,000 0,001 0,000 3,85 Yes 
HD 117105 5891 4,42 1,13 -0,29 0,000 0,000 0,000 12,77 Yes 
HD 117207 5665 4,33 1,00 0,22 0,000 0,000 0,000 7,77 Yes 
HD 117618 5996 4,40 1,14 0,03 0,000 -0,001 0,000 3,10 Yes 
HD 119638 6069 4,41 1,22 -0,15 0,000 0,000 0,000 8,90 Yes 
HD 119782 5159 4,44 0,78 -0,07 0,000 0,000 0,000 9,00 Yes 
HD 121504 6026 4,49 1,12 0,14 0,000 0,000 0,000 11,12 Yes 
HD 122862 5985 4,22 1,30 -0,12 0,000 -0,001 0,000 24,10 Yes 
HD 123265 5338 4,28 0,85 0,19 0,000 0,000 0,000 9,42 Yes 
HD 124106 5103 4,48 0,79 -0,17 0,000 0,000 0,000 57,15 Yes 
HD 124292 5447 4,36 0,78 -0,13 0,000 0,000 0,000 5,15 Yes 
HD 124364 5581 4,47 0,83 -0,28 0,000 0,000 0,000 13,93 Yes 
HD 125072 5007 4,55 1,05 0,18 0,000 0,000 0,000 87,27 Yes 
HD 125184 5679 4,09 1,13 0,27 0,000 0,000 0,000 4,08 Yes 
HD 125455 5170 4,52 0,72 -0,19 0,000 0,000 0,000 30,87 Yes 
HD 125881 6033 4,48 1,10 0,06 0,000 0,000 0,000 14,85 Yes 
HD 126525 5632 4,36 0,89 -0,10 0,000 0,001 0,000 12,70 Yes 
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HD 128674 5550 4,49 0,71 -0,38 0,000 0,000 0,000 5,02 Yes 
HD 129642 5025 4,49 0,69 -0,06 0,000 -0,001 0,000 24,72 Yes 
HD 130322 5366 4,37 0,90 -0,02 0,000 0,001 0,000 21,82 Yes 
HD 130930 5029 4,44 0,50 0,01 0,000 0,001 0,000 34,33 Yes 
HD 130992 4900 4,53 0,70 -0,14 0,000 0,000 0,000 19,10 Yes 
HD 132648 5416 4,48 0,69 -0,37 0,000 -0,001 0,000 9,75 Yes 
HD 134060 5961 4,41 1,10 0,13 0,000 0,000 0,000 9,80 Yes 
HD 134606 5633 4,38 1,00 0,27 0,000 -0,001 0,000 4,23 Yes 
HD 134664 5864 4,53 0,98 0,10 0,000 0,001 0,000 12,18 Yes 
HD 134985 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 134987 5741 4,30 1,08 0,25 0,000 0,001 0,000 3,55 Yes 
HD 136352 5664 4,39 0,89 -0,34 0,000 0,000 0,000 6,45 Yes 
HD 136713 4995 4,45 0,95 0,07 0,000 -0,001 0,000 85,38 Yes 
HD 136894 5413 4,36 0,75 -0,10 0,000 0,000 0,000 15,62 Yes 
HD 137303 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 137388 5241 4,41 0,94 0,18 0,000 -0,001 0,000 44,75 Yes 
HD 138549 5585 4,44 0,88 0,00 0,000 -0,001 0,000 8,33 Yes 
HD 140901 5612 4,45 0,90 0,09 0,000 0,001 0,000 4,97 Yes 
HD 141937 5894 4,45 0,99 0,13 0,000 0,001 0,000 2,93 Yes 
HD 142022A 5507 4,35 0,83 0,20 0,000 0,001 0,000 13,02 Yes 
HD 142709 4723 4,43 0,83 -0,35 0,000 -0,001 0,000 61,50 Yes 
HD 143114 5775 4,39 0,92 -0,41 0,000 0,000 0,000 7,02 Yes 
HD 143295 4989 4,43 0,89 -0,03 0,000 0,000 0,000 22,22 Yes 
HD 144411 4852 4,38 0,01 -0,32 0,000 0,001 0,000 18,78 Yes 
HD 144497 5021 4,50 0,82 -0,12 0,000 0,000 0,000 4,77 Yes 
HD 144585 5910 4,35 1,15 0,33 0,000 0,000 0,000 20,22 Yes 
HD 144628 5085 4,51 0,55 -0,41 0,000 0,000 0,000 59,38 Yes 
HD 145598 5417 4,48 0,59 -0,78 0,000 0,000 0,000 8,63 Yes 
HD 145666 5957 4,53 1,04 -0,04 0,000 0,001 0,000 5,78 Yes 
HD 145809 5776 4,15 1,14 -0,25 0,000 0,000 0,000 14,63 Yes 
HD 146233 5818 4,45 1,00 0,05 0,000 -0,001 0,000 6,38 Yes 
HD 147512 5524 4,39 0,80 -0,08 0,000 0,001 0,000 5,07 Yes 
HD 147513 5862 4,50 1,03 0,03 0,000 0,000 0,000 18,00 Yes 
HD 148303 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 150433 5671 4,43 0,89 -0,36 0,000 -0,001 0,000 17,33 Yes 
HD 151504 5452 4,34 0,87 0,06 0,000 0,000 0,000 4,90 Yes 
HD 153851 5055 4,49 0,92 -0,26 0,000 0,000 0,000 17,85 Yes 
HD 154088 5374 4,37 0,85 0,28 0,000 0,000 0,000 30,48 Yes 
HD 154363 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 154577 4898 4,52 0,41 -0,70 0,000 -0,001 0,000 32,05 Yes 
HD 154962 5829 4,16 1,23 0,31 0,000 0,000 0,000 4,03 Yes 
HD 157172 5454 4,39 0,77 0,11 0,000 -0,001 0,000 6,05 Yes 
HD 157338 6028 4,43 1,16 -0,08 0,000 0,000 0,000 17,55 Yes 
HD 157347 5677 4,38 0,91 0,02 0,000 0,000 0,000 14,23 Yes 
HD 157830 5545 4,48 0,77 -0,25 0,000 -0,001 0,000 20,52 Yes 
HD 159868 5557 3,95 1,02 -0,08 0,000 0,000 0,000 3,38 Yes 
HD 160691 5782 4,27 1,09 0,30 0,000 0,000 0,000 26,42 Yes 
HD 161098 5558 4,46 0,78 -0,27 0,000 -0,001 0,000 18,15 Yes 
HD 161612 5617 4,44 0,89 0,16 0,000 0,000 0,000 4,50 Yes 
HD 162020 4859 4,47 0,78 -0,10 0,000 0,000 0,000 19,95 Yes 
HD 162236 5341 4,42 0,82 -0,13 0,000 -0,001 0,000 10,52 Yes 
HD 162396 6093 4,27 1,43 -0,35 0,000 -0,001 0,000 5,22 Yes 
HD 165920 5343 4,39 0,79 0,29 0,000 -0,001 0,000 18,33 Yes 
HD 166724 5133 4,43 0,80 -0,09 0,000 0,000 0,000 68,03 Yes 
HD 167359 5346 4,46 0,67 -0,19 0,000 0,000 0,000 74,85 Yes 
HD 168159 4781 4,40 1,00 -0,16 0,000 0,000 0,000 61,95 Yes 
HD 168746 5566 4,32 0,81 -0,11 0,000 -0,001 0,000 6,53 Yes 
HD 168871 5981 4,42 1,16 -0,09 0,000 0,001 0,000 20,55 Yes 
HD 169830 6355 4,19 1,56 0,18 0,000 -0,001 0,000 3,73 Yes 
HD 170493 4750 4,24 0,59 0,14 0,000 0,000 0,000 68,62 Yes 
HD 171665 5657 4,40 0,90 -0,05 0,000 0,000 0,000 10,68 Yes 
HD 171990 6050 4,13 1,41 0,06 0,000 -0,001 0,000 11,33 Yes 
HD 172513 5501 4,40 0,79 -0,05 0,000 -0,001 0,000 23,82 Yes 
HD 174545 5217 4,39 0,90 0,22 0,000 0,000 0,000 74,13 Yes 
HD 176157 5182 4,41 0,91 -0,16 0,000 0,001 0,000 3,77 Yes 
HD 176986 5011 4,45 0,80 0,01 0,000 0,000 0,000 13,10 Yes 
HD 177409 5898 4,48 0,99 -0,04 0,000 0,000 0,000 16,20 Yes 
HD 177565 5629 4,39 0,91 0,08 0,000 0,000 0,000 5,60 Yes 
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HD 177758 5863 4,41 1,11 -0,58 0,000 0,000 0,000 6,02 Yes 
HD 179949 6289 4,53 1,36 0,21 0,000 0,000 0,000 4,02 Yes 
HD 180409 6014 4,52 1,16 -0,17 0,000 0,001 0,000 8,78 Yes 
HD 181433 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 183658 5800 4,40 1,00 0,03 0,000 0,001 0,000 5,55 Yes 
HD 183783 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 183870 5026 4,48 0,77 -0,07 0,000 0,001 0,000 58,88 Yes 
HD 185615 5568 4,33 0,84 0,08 0,000 -0,001 0,000 8,92 Yes 
HD 186061 5015 4,51 0,61 -0,02 0,000 0,000 0,000 51,52 Yes 
HD 187456 4825 4,32 0,53 0,03 0,000 0,001 0,000 53,65 Yes 
HD 188559 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 188748 5621 4,42 0,82 -0,12 0,000 0,001 0,000 11,25 Yes 
HD 189242 4915 4,46 0,55 -0,38 0,000 0,000 0,000 21,07 Yes 
HD 189567 5729 4,40 0,96 -0,24 0,000 0,000 0,000 4,57 Yes 
HD 189625 5844 4,42 1,03 0,18 0,000 0,000 0,000 23,58 Yes 
HD 190248 5607 4,25 1,00 0,33 0,000 0,001 0,000 27,93 Yes 
HD 190647 5640 4,19 0,98 0,23 0,000 0,001 0,000 13,20 Yes 
HD 190954 5424 4,46 0,61 -0,41 0,000 0,000 0,000 15,33 Yes 
HD 191847 5063 4,44 0,49 -0,12 0,000 0,000 0,000 13,72 Yes 
HD 192031 5209 4,38 0,02 -0,84 0,000 0,001 0,000 9,13 Yes 
HD 192117 5479 4,47 0,75 -0,04 0,000 -0,001 0,000 39,22 Yes 
HD 192310 5165 4,50 0,96 -0,04 0,000 0,001 0,000 31,42 Yes 
HD 192961 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 193193 5979 4,38 1,15 -0,05 0,000 0,000 0,000 15,48 Yes 
HD 193844 5001 4,43 0,46 -0,30 0,000 0,001 0,000 48,88 Yes 
HD 195302 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 195564 5675 4,03 1,10 0,06 0,000 0,001 0,000 12,25 Yes 
HD 196050 5918 4,32 1,21 0,24 0,000 0,000 0,000 3,23 Yes 
HD 196761 5415 4,43 0,75 -0,31 0,000 0,001 0,000 5,65 Yes 
HD 196800 6015 4,36 1,17 0,19 0,000 0,000 0,000 4,03 Yes 
HD 197210 5579 4,43 0,85 -0,03 0,000 -0,001 0,000 20,28 Yes 
HD 197823 5398 4,40 0,82 0,12 0,000 0,001 0,000 15,80 Yes 
HD 198075 5844 4,57 0,93 -0,24 0,000 0,001 0,000 14,42 Yes 
HD 199190 5928 4,25 1,14 0,15 0,000 0,001 0,000 8,17 Yes 
HD 199288 5768 4,49 1,00 -0,63 0,000 -0,001 0,000 3,30 Yes 
HD 199933 4725 4,32 0,63 -0,14 0,000 -0,001 0,000 33,80 Yes 
HD 199960 5975 4,38 1,13 0,28 0,000 0,000 0,000 9,65 Yes 
HD 200505 5052 4,47 0,72 -0,45 0,000 -0,001 0,000 55,63 Yes 
HD 202206 5758 4,47 1,01 0,29 0,000 0,000 0,000 15,25 Yes 
HD 202605 5660 4,48 1,02 0,18 0,000 0,000 0,000 25,57 Yes 
HD 203384 5588 4,40 0,90 0,26 0,000 0,000 0,000 5,25 Yes 
HD 203413 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 203432 5645 4,38 0,98 0,29 0,000 0,000 0,000 9,85 Yes 
HD 203850 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 204313 5776 4,37 1,00 0,18 0,000 -0,001 0,000 20,10 Yes 
HD 204385 6030 4,42 1,15 0,06 0,000 0,000 0,000 7,88 Yes 
HD 204941 5054 4,48 0,71 -0,18 0,000 0,000 0,000 13,47 Yes 
HD 205536 5446 4,37 0,78 -0,05 0,000 0,001 0,000 18,45 Yes 
HD 206163 5523 4,43 0,94 0,02 0,000 0,000 0,000 10,03 Yes 
HD 206172 5606 4,48 0,78 -0,24 0,000 0,001 0,000 6,68 Yes 
HD 207129 5939 4,48 1,06 0,00 0,000 -0,001 0,000 9,42 Yes 
HD 207583 5533 4,46 0,99 0,01 0,000 -0,001 0,000 9,20 Yes 
HD 207700 5664 4,29 0,97 0,04 0,000 0,000 0,000 17,63 Yes 
HD 207970 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 208272 5194 4,41 0,98 -0,08 0,000 0,000 0,000 21,00 Yes 
HD 208487 6147 4,47 1,24 0,08 0,000 0,001 0,000 9,77 Yes 
HD 208573 4911 4,41 0,86 0,00 0,000 0,000 0,000 32,63 Yes 
HD 208704 5830 4,38 1,04 -0,08 0,000 0,000 0,000 11,03 Yes 
HD 209100 4760 4,45 0,70 -0,20 0,000 0,000 0,000 96,73 Yes 
HD 209458 6116 4,49 1,21 0,03 0,000 0,000 0,000 18,92 Yes 
HD 209742 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 210277 5506 4,29 0,86 0,18 0,000 -0,001 0,000 23,52 Yes 
HD 210752 5921 4,45 1,04 -0,58 0,000 0,000 0,000 3,50 Yes 
HD 210918 5754 4,35 0,99 -0,09 0,000 0,000 0,000 20,80 Yes 
HD 210975 4753 4,36 0,20 -0,43 0,000 0,000 0,000 18,58 Yes 
HD 211038 4991 3,69 0,79 -0,25 0,000 0,000 0,000 10,17 Yes 
HD 211369 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 211415 5849 4,38 0,99 -0,21 0,000 0,001 0,000 7,57 Yes 
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HD 212301 6270 4,54 1,29 0,18 0,000 -0,001 0,000 18,53 Yes 
HD 212563 5019 4,51 0,89 -0,02 0,000 0,000 0,000 25,85 Yes 
HD 212580 5152 4,44 0,84 -0,11 0,000 0,001 0,000 5,57 Yes 
HD 212708 5686 4,35 1,00 0,27 0,000 -0,001 0,000 5,37 Yes 
HD 213042 4835 4,38 0,82 0,08 0,000 -0,001 0,000 72,45 Yes 
HD 213240 5983 4,26 1,26 0,14 0,000 0,000 0,000 11,72 Yes 
HD 213575 5673 4,18 1,02 -0,15 0,000 0,000 0,000 10,83 Yes 
HD 213628 5550 4,43 0,81 0,01 0,000 0,000 0,000 25,43 Yes 
HD 213941 5529 4,39 0,72 -0,46 0,000 -0,001 0,000 3,55 Yes 
HD 214385 5653 4,42 0,81 -0,34 0,000 -0,001 0,000 7,03 Yes 
HD 214759 5461 4,37 0,85 0,18 0,000 -0,001 0,000 10,22 Yes 
HD 215152 4931 4,39 0,66 -0,10 0,000 0,000 0,000 19,17 Yes 
HD 215456 5790 4,10 1,19 -0,09 0,000 0,000 0,000 4,07 Yes 
HD 216435 6010 4,20 1,34 0,24 0,000 0,001 0,000 14,15 Yes 
HD 216770 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 216777 5624 4,51 0,81 -0,38 0,000 -0,001 0,000 3,07 Yes 
HD 218249 5013 4,52 0,45 -0,40 0,000 -0,001 0,000 28,85 Yes 
HD 218511 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 218572 4786 4,52 0,53 -0,57 0,000 0,000 0,000 21,92 Yes 
HD 219077 5361 4,00 0,92 -0,13 0,000 0,000 0,000 11,30 Yes 
HD 219249 5488 4,49 0,76 -0,40 0,000 0,001 0,000 39,43 Yes 
HD 220256 5144 4,41 0,45 -0,09 0,000 0,001 0,000 4,50 Yes 
HD 220339 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 220367 6127 4,36 1,34 -0,21 0,000 0,000 0,000 9,50 Yes 
HD 220507 5697 4,29 1,00 0,01 0,000 0,001 0,000 8,48 Yes 
HD 221146 5881 4,27 1,09 0,09 0,000 0,000 0,000 15,42 Yes 
HD 221287 6374 4,61 1,28 0,04 0,000 0,001 0,000 4,90 Yes 
HD 221356 6110 4,52 1,12 -0,20 0,000 0,000 0,000 11,70 Yes 
HD 221420 5847 4,02 1,28 0,33 0,000 -0,001 0,000 4,72 Yes 
HD 222237 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 222335 5270 4,48 0,83 -0,20 0,000 0,000 0,000 16,28 Yes 
HD 222422 5471 4,45 0,73 -0,12 0,000 0,000 0,000 17,33 Yes 
HD 222582 5780 4,37 1,00 -0,01 0,000 0,000 0,000 10,70 Yes 
HD 222595 5646 4,45 0,88 0,01 0,000 0,000 0,000 3,33 Yes 
HD 222669 5898 4,47 1,00 0,05 0,000 0,000 0,000 3,68 Yes 
HD 223121 5075 4,35 0,72 0,06 0,000 0,000 0,000 75,80 Yes 
HD 223171 5841 4,19 1,12 0,11 0,000 0,000 0,000 10,52 Yes 
HD 223282 5325 4,49 0,59 -0,41 0,000 0,000 0,000 13,33 Yes 
HD 224393 5774 4,53 0,84 -0,38 0,000 0,000 0,000 7,07 Yes 
HD 224619 5433 4,38 0,79 -0,20 0,000 -0,001 0,000 8,40 Yes 
HD 224789 5184 4,44 1,04 -0,03 0,000 0,001 0,000 24,02 Yes 
HD 330075 ~ ~ ~ ~ ~ ~ ~ ~ No 
HIP 21539 4585 4,34 0,31 -0,33 0,000 -0,001 0,000 86,88 Yes 
HIP 22059 4746 4,40 0,81 -0,32 0,000 0,000 0,000 44,82 Yes 
HIP 26542 4751 4,48 0,66 -0,54 0,000 -0,001 0,000 49,47 Yes 
HIP 98764 4916 4,44 0,38 -0,28 0,000 0,000 0,000 23,37 Yes 
 
Table B2 – Derived results of the 451 HARPS GTO program stars with Amebsa. The 
convergence time (Conver. Time) for each star is listed in minutes.  
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Star HD 
Teff 
(K) 
log(g) 
(cm.s
-2
) 
ξ 
(km/s) 
[Fe/H] 
Slope 
1 
Slope 
2 
Abundance 
Difference 
Conver. 
Time 
Conver
gence 
HD 55 4680 4,51 0,14 -0,66 0,000 0,000 0,000 96,05 Yes 
HD 142 6402 4,61 1,74 0,08 0,000 0,001 0,000 36,32 Yes 
HD 283 5157 4,51 0,45 -0,54 0,000 0,001 0,000 33,03 Yes 
HD 361 5904 4,61 0,98 -0,12 0,000 0,000 0,000 61,43 Yes 
HD 750 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 870 5382 4,41 0,79 -0,11 0,000 0,000 0,000 26,63 Yes 
HD 967 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 1237 5508 4,50 1,08 0,06 0,000 0,000 0,000 61,12 Yes 
HD 1320 5680 4,50 0,85 -0,26 0,000 0,000 0,000 135,77 Yes 
HD 1388 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 1461 5769 4,38 0,97 0,19 0,000 0,001 0,000 6,12 Yes 
HD 1581 5976 4,51 1,12 -0,18 0,000 -0,001 0,000 237,88 Yes 
HD 2025 4937 4,58 0,60 -0,34 0,000 0,001 0,000 141,35 Yes 
HD 2071 5728 4,47 0,96 -0,09 0,000 -0,001 0,000 41,90 Yes 
HD 2638 5203 4,43 0,75 0,13 0,000 0,000 0,000 29,38 Yes 
HD 3569 5155 4,54 0,59 -0,31 0,000 0,000 0,000 110,38 Yes 
HD 3823 6023 4,31 1,39 -0,28 0,000 0,001 0,000 7,63 Yes 
HD 4208 5601 4,43 0,78 -0,28 0,000 0,001 0,000 94,20 Yes 
HD 4307 5811 4,10 1,21 -0,23 0,000 0,000 0,000 38,08 Yes 
HD 4308 5638 4,38 0,89 -0,34 0,000 0,001 0,000 117,03 Yes 
HD 4915 5657 4,52 0,89 -0,21 0,000 0,001 0,000 79,70 Yes 
HD 6348 5109 4,52 0,03 -0,55 0,000 -0,001 0,000 175,88 Yes 
HD 6673 4966 4,49 0,61 -0,26 0,000 0,000 0,000 43,02 Yes 
HD 6735 6082 4,50 1,15 -0,06 0,000 -0,001 0,000 22,98 Yes 
HD 7134 5942 4,41 1,17 -0,29 0,000 -0,001 0,000 116,30 Yes 
HD 7199 5390 4,35 1,02 0,29 0,000 -0,001 0,000 94,82 Yes 
HD 7449 6028 4,52 1,11 -0,11 0,000 -0,001 0,000 25,65 Yes 
HD 8326 4970 4,48 0,81 0,03 0,000 0,001 0,000 57,27 Yes 
HD 8389A 5283 4,37 1,06 0,33 0,000 -0,001 0,000 93,93 Yes 
HD 8406 5726 4,50 0,86 -0,11 0,000 0,001 0,000 33,82 Yes 
HD 8638 5504 4,43 0,73 -0,39 0,000 0,000 0,000 42,88 Yes 
HD 8828 5401 4,46 0,71 -0,16 0,000 0,001 0,000 45,08 Yes 
HD 8859 5511 4,40 0,80 -0,09 0,000 -0,001 0,000 11,85 Yes 
HD 8912 5209 4,43 0,69 -0,08 0,000 -0,001 0,000 19,78 Yes 
HD 9246 5001 4,49 0,12 -0,53 0,000 -0,001 0,000 72,60 Yes 
HD 9782 6022 4,42 1,09 0,09 0,000 0,001 0,000 32,92 Yes 
HD 9796 5170 4,38 0,63 -0,26 0,000 0,000 0,000 52,67 Yes 
HD 10002 5314 4,40 0,83 0,16 0,000 -0,001 0,000 50,38 Yes 
HD 10166 5221 4,48 0,75 -0,38 0,000 0,001 0,000 52,32 Yes 
HD 10180 5912 4,39 1,11 0,08 0,000 0,000 0,000 70,63 Yes 
HD 10647 6222 4,61 1,23 0,00 0,000 -0,001 0,000 20,80 Yes 
HD 10700 5310 4,45 0,55 -0,51 0,000 -0,001 0,000 110,47 Yes 
HD 11226 6100 4,33 1,28 0,04 0,000 0,001 0,000 21,33 Yes 
HD 11505 5750 4,37 0,99 -0,22 0,000 0,000 0,000 21,02 Yes 
HD 11683 5003 4,42 0,60 -0,19 0,000 0,001 0,000 239,67 Yes 
HD 11964A 5328 3,90 0,98 0,08 0,000 0,001 0,000 15,20 Yes 
HD 12345 5392 4,44 0,68 -0,21 0,000 0,001 0,000 70,83 Yes 
HD 12387 5698 4,39 0,93 -0,25 0,000 0,000 0,000 34,03 Yes 
HD 12617 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 13060 5252 4,34 0,82 0,02 0,000 -0,001 0,000 57,12 Yes 
HD 13724 5868 4,53 1,02 0,23 0,000 -0,001 0,000 21,90 Yes 
HD 13789 4743 4,32 0,80 -0,07 0,000 0,001 0,000 205,88 Yes 
HD 13808 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 14374 5429 4,47 0,83 -0,05 0,000 -0,001 0,000 184,85 Yes 
HD 14635 4805 4,44 0,77 -0,03 0,000 0,001 0,000 187,90 Yes 
HD 14680 5012 4,47 0,68 -0,17 0,000 -0,001 0,000 227,93 Yes 
HD 14744 4921 4,45 0,43 -0,14 0,000 -0,001 0,000 119,87 Yes 
HD 14747 5520 4,43 0,73 -0,38 0,000 0,000 0,000 124,27 Yes 
HD 15337 5179 4,39 0,70 0,06 0,000 0,001 0,000 134,55 Yes 
HD 16141 5800 4,19 1,10 0,16 0,000 0,000 0,000 91,00 Yes 
HD 16270 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 16297 5417 4,47 0,81 -0,01 0,000 0,000 0,000 22,30 Yes 
HD 16417 5834 4,15 1,17 0,13 0,000 0,001 0,000 109,93 Yes 
HD 16714 5513 4,41 0,75 -0,20 0,000 0,001 0,000 27,05 Yes 
HD 17051 6231 4,52 1,30 0,19 0,000 -0,001 0,000 64,88 Yes 
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HD 17970 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 18386 5459 4,39 0,92 0,14 0,000 -0,001 0,000 89,43 Yes 
HD 18719 5240 4,41 0,93 -0,08 0,000 -0,001 0,000 32,43 Yes 
HD 19034 5480 4,41 0,69 -0,48 0,000 -0,001 0,000 19,05 Yes 
HD 19467 5713 4,32 0,94 -0,16 0,000 0,000 0,000 87,75 Yes 
HD 19994 6291 4,50 1,72 0,25 0,000 -0,001 0,000 75,40 Yes 
HD 20003 5496 4,41 0,83 0,03 0,000 -0,001 0,000 97,10 Yes 
HD 20407 5864 4,50 1,08 -0,44 0,000 0,001 0,000 23,82 Yes 
HD 20619 5708 4,52 0,91 -0,22 0,000 0,000 0,000 25,57 Yes 
HD 20781 5256 4,37 0,77 -0,10 0,000 0,001 0,000 29,17 Yes 
HD 20782 5782 4,37 1,01 -0,05 0,000 0,001 0,000 204,27 Yes 
HD 20794 5409 4,40 0,69 -0,40 0,000 0,000 0,000 43,22 Yes 
HD 20807 5867 4,53 1,04 -0,22 0,000 0,000 0,000 8,00 Yes 
HD 21019 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 21209A 4678 4,31 0,57 -0,43 0,000 -0,001 0,000 214,00 Yes 
HD 21411 5477 4,51 0,82 -0,25 0,000 -0,001 0,000 33,58 Yes 
HD 21693 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 21749 4728 4,40 0,53 -0,03 0,000 0,000 0,000 151,05 Yes 
HD 21938 5780 4,38 0,99 -0,47 0,000 -0,001 0,000 173,02 Yes 
HD 22049 5150 4,52 0,90 -0,11 0,000 0,001 0,000 54,75 Yes 
HD 22610 5046 4,44 0,89 -0,22 0,000 0,001 0,000 285,95 Yes 
HD 22879 5853 4,45 1,23 -0,84 0,000 0,001 0,000 50,17 Yes 
HD 23079 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 23249 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 23356 5008 4,50 0,88 -0,17 0,000 0,000 0,000 204,72 Yes 
HD 23456 6173 4,57 1,37 -0,32 0,000 0,001 0,000 8,37 Yes 
HD 24331 4962 4,51 0,51 -0,31 0,000 0,000 0,000 186,93 Yes 
HD 24892 5360 3,99 0,87 -0,32 0,000 0,000 0,000 55,07 Yes 
HD 25105 5316 4,47 0,76 -0,15 0,000 0,000 0,000 44,88 Yes 
HD 25120 5131 4,47 0,87 -0,18 0,000 0,000 0,000 22,00 Yes 
HD 25565 5205 4,47 0,78 0,03 0,000 0,000 0,000 84,00 Yes 
HD 25673 5134 4,47 0,56 -0,50 0,000 0,000 0,000 106,40 Yes 
HD 26965A 5142 4,39 0,24 -0,35 0,000 -0,001 0,000 35,93 Yes 
HD 27063 5767 4,44 0,94 0,05 0,000 0,001 0,000 11,23 Yes 
HD 27894 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 28185 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 28471 5744 4,37 0,95 -0,05 0,000 0,000 0,000 19,87 Yes 
HD 28701 5708 4,41 0,94 -0,32 0,000 0,001 0,000 40,70 Yes 
HD 28821 5653 4,37 0,87 -0,16 0,000 0,000 0,000 3,80 Yes 
HD 30278 5395 4,39 0,72 -0,17 0,000 -0,001 0,000 173,55 Yes 
HD 30306 5531 4,32 0,89 0,17 0,000 0,001 0,000 45,07 Yes 
HD 31527 5892 4,44 1,08 -0,20 0,000 0,001 0,000 25,90 Yes 
HD 31560 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 31822 6046 4,56 1,16 -0,16 0,000 0,000 0,000 5,28 Yes 
HD 32724 5821 4,26 1,14 -0,17 0,000 0,000 0,000 18,38 Yes 
HD 33725 5277 4,41 0,71 -0,17 0,000 0,001 0,000 205,50 Yes 
HD 34449 5847 4,50 0,92 -0,09 0,000 0,001 0,000 30,73 Yes 
HD 34688 5174 4,44 0,72 -0,20 0,000 0,000 0,000 287,35 Yes 
HD 35854 4924 4,46 0,53 -0,12 0,000 0,000 0,000 113,67 Yes 
HD 36003 4642 4,30 0,40 -0,20 0,000 0,001 0,000 252,30 Yes 
HD 36108 5915 4,33 1,21 -0,21 0,000 0,000 0,000 20,82 Yes 
HD 36379 6028 4,30 1,28 -0,17 0,000 0,001 0,000 177,37 Yes 
HD 37962 5716 4,49 0,83 -0,21 0,000 -0,001 0,000 83,27 Yes 
HD 37986 5505 4,30 0,91 0,26 0,000 0,001 0,000 90,63 Yes 
HD 38277 5867 4,34 1,09 -0,06 0,000 0,000 0,000 10,33 Yes 
HD 38382 6081 4,45 1,18 0,03 0,000 0,000 0,000 66,15 Yes 
HD 38858 5740 4,51 0,95 -0,22 0,000 -0,001 0,000 108,52 Yes 
HD 38973 6010 4,41 1,13 0,05 0,000 0,001 0,000 46,45 Yes 
HD 39091 6003 4,42 1,12 0,08 0,000 0,000 0,000 10,25 Yes 
HD 39194 5198 4,53 0,31 -0,62 0,000 0,001 0,000 124,30 Yes 
HD 40105 5145 3,86 0,99 0,08 0,000 0,001 0,000 10,90 Yes 
HD 40307 4975 4,47 0,53 -0,31 0,000 0,001 0,000 95,90 Yes 
HD 40397 5532 4,39 0,84 -0,12 0,000 -0,001 0,000 37,70 Yes 
HD 44120 6050 4,25 1,30 0,12 0,000 0,001 0,000 39,65 Yes 
HD 44420 5821 4,37 1,07 0,29 0,000 -0,001 0,000 18,67 Yes 
HD 44447 5999 4,37 1,25 -0,22 0,000 0,001 0,000 50,22 Yes 
HD 44573 5075 4,49 0,80 -0,08 0,000 -0,001 0,000 103,18 Yes 
HD 44594 5835 4,38 1,06 0,14 0,000 0,000 0,000 31,70 Yes 
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HD 45184 5875 4,47 1,04 0,04 0,000 -0,001 0,000 23,82 Yes 
HD 45289 5718 4,32 0,99 -0,02 0,000 -0,001 0,000 37,12 Yes 
HD 45364 5438 4,39 0,72 -0,16 0,000 -0,001 0,000 50,57 Yes 
HD 47186 5676 4,36 0,93 0,23 0,000 0,001 0,000 19,73 Yes 
HD 48611 5334 4,50 0,69 -0,36 0,000 0,000 0,000 182,45 Yes 
HD 50590 4873 4,39 0,36 -0,22 0,000 0,000 0,000 84,42 Yes 
HD 50806 5628 4,11 1,03 0,03 0,000 0,000 0,000 42,47 Yes 
HD 51608 5354 4,35 0,72 -0,08 0,000 0,001 0,000 70,03 Yes 
HD 52265 6137 4,36 1,32 0,22 0,000 0,001 0,000 54,52 Yes 
HD 52919 4710 4,38 0,71 -0,18 0,000 -0,001 0,000 45,57 Yes 
HD 55693 5916 4,43 1,07 0,31 0,000 0,000 0,000 197,92 Yes 
HD 59468 5607 4,39 0,86 0,03 0,000 0,000 0,000 88,87 Yes 
HD 59711A 5723 4,45 0,87 -0,13 0,000 0,001 0,000 41,13 Yes 
HD 63454 4843 4,29 0,83 0,05 0,000 0,000 0,000 31,42 Yes 
HD 63765 5432 4,42 0,82 -0,17 0,000 0,000 0,000 112,38 Yes 
HD 65216 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 65277 4808 4,44 0,56 -0,31 0,000 0,000 0,000 143,73 Yes 
HD 65562 5068 4,38 0,44 -0,10 0,000 0,001 0,000 68,28 Yes 
HD 65907A 5945 4,53 1,05 -0,31 0,000 -0,001 0,000 170,63 Yes 
HD 66221 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 66428 5704 4,31 0,96 0,23 0,000 0,000 0,000 26,62 Yes 
HD 67458 5890 4,51 1,04 -0,16 0,000 0,001 0,000 65,30 Yes 
HD 68607 5209 4,41 0,81 0,06 0,000 0,000 0,000 71,13 Yes 
HD 68978A 5966 4,50 1,08 0,05 0,000 0,000 0,000 72,62 Yes 
HD 69655 5959 4,44 1,15 -0,19 0,000 0,001 0,000 167,18 Yes 
HD 69830 5397 4,40 0,79 -0,06 0,000 0,000 0,000 51,23 Yes 
HD 70642 5667 4,41 0,82 0,19 0,000 0,000 0,000 56,72 Yes 
HD 70889 6058 4,48 1,15 0,12 0,000 -0,001 0,000 10,83 Yes 
HD 71334 5694 4,37 0,95 -0,09 0,000 0,000 0,000 63,67 Yes 
HD 71479 6035 4,42 1,20 0,29 0,000 -0,001 0,000 120,58 Yes 
HD 71835 5438 4,39 0,80 -0,04 0,000 0,001 0,000 77,32 Yes 
HD 72579 5434 4,26 0,80 0,14 0,000 0,000 0,000 135,55 Yes 
HD 72673 5243 4,46 0,60 -0,41 0,000 0,000 0,000 51,90 Yes 
HD 72769 5648 4,35 0,99 0,33 0,000 0,001 0,000 147,45 Yes 
HD 73121 6090 4,30 1,34 0,09 0,000 0,000 0,000 48,93 Yes 
HD 73256 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 73524 6018 4,42 1,14 0,16 0,000 0,000 0,000 6,58 Yes 
HD 74014 5563 4,33 0,90 0,22 0,000 0,001 0,000 24,35 Yes 
HD 75289 6164 4,37 1,29 0,30 0,000 0,001 0,000 15,32 Yes 
HD 76151 5792 4,48 0,96 0,12 0,000 0,000 0,000 30,57 Yes 
HD 78429 5760 4,33 1,01 0,09 0,000 0,000 0,000 40,25 Yes 
HD 78538 5798 4,51 1,01 0,04 0,000 0,000 0,000 49,63 Yes 
HD 78558 5714 4,35 1,00 -0,43 0,000 0,000 0,000 32,23 Yes 
HD 78612 5839 4,27 1,15 -0,24 0,000 -0,001 0,000 19,07 Yes 
HD 78747 5784 4,46 1,04 -0,67 0,000 -0,001 0,000 27,78 Yes 
HD 80883 5237 4,44 0,80 -0,25 0,000 0,000 0,000 42,87 Yes 
HD 81639 5519 4,40 0,78 -0,17 0,000 -0,001 0,000 38,63 Yes 
HD 82342 4811 4,41 0,17 -0,54 0,000 0,001 0,000 193,07 Yes 
HD 82516 5102 4,47 0,69 0,00 0,000 -0,001 0,000 190,42 Yes 
HD 82943 5990 4,43 1,10 0,25 0,000 -0,001 0,000 56,35 Yes 
HD 83443 5504 4,43 0,92 0,34 0,000 -0,001 0,000 26,30 Yes 
HD 83529 5919 4,33 1,14 -0,10 0,000 -0,001 0,000 141,67 Yes 
HD 85119 5430 4,53 0,93 -0,20 0,000 -0,001 0,000 63,65 Yes 
HD 85390 5191 4,42 0,75 -0,07 0,000 -0,001 0,000 224,37 Yes 
HD 85512 4703 4,38 0,11 -0,33 0,000 0,000 0,000 150,55 Yes 
HD 86065 5017 4,48 0,88 -0,09 0,000 0,001 0,000 72,62 Yes 
HD 86140 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 86171 5408 4,48 0,83 -0,23 0,000 -0,001 0,000 134,75 Yes 
HD 87521 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 88084 5766 4,41 0,96 -0,10 0,000 0,000 0,000 86,65 Yes 
HD 88218 5880 4,18 1,22 -0,13 0,000 0,001 0,000 36,33 Yes 
HD 88656 5145 4,45 0,79 -0,10 0,000 -0,001 0,000 284,33 Yes 
HD 88742 5981 4,53 1,06 -0,02 0,000 -0,001 0,000 51,53 Yes 
HD 89454 5723 4,47 0,96 0,12 0,000 0,001 0,000 51,62 Yes 
HD 90156 5597 4,48 0,85 -0,25 0,000 0,001 0,000 56,63 Yes 
HD 90711 5442 4,40 0,92 0,24 0,000 0,000 0,000 174,62 Yes 
HD 90812 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 92588 5196 3,77 1,00 0,01 0,000 0,000 0,000 155,92 Yes 
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HD 92719 5826 4,52 0,96 -0,10 0,000 -0,001 0,000 26,55 Yes 
HD 92788 5740 4,39 0,95 0,27 0,000 0,000 0,000 122,30 Yes 
HD 93083 5101 4,43 0,92 0,09 0,000 -0,001 0,000 39,45 Yes 
HD 93380 4649 4,35 0,23 -0,72 0,000 0,001 0,000 136,48 Yes 
HD 93385 5979 4,42 1,13 0,02 0,000 0,001 0,000 246,03 Yes 
HD 94151 5583 4,37 0,84 0,03 0,000 0,001 0,000 88,07 Yes 
HD 95456 6280 4,34 1,40 0,16 0,000 0,001 0,000 13,33 Yes 
HD 95521 5773 4,50 0,95 -0,16 0,000 -0,001 0,000 127,78 Yes 
HD 96423 5706 4,36 0,98 0,09 0,000 -0,001 0,000 43,62 Yes 
HD 96700 5847 4,39 1,04 -0,18 0,000 0,000 0,000 19,43 Yes 
HD 97037 5882 4,34 1,12 -0,08 0,000 0,001 0,000 14,97 Yes 
HD 97343 5410 4,38 0,82 -0,06 0,000 0,001 0,000 41,50 Yes 
HD 97998 5723 4,56 0,88 -0,38 0,000 0,000 0,000 38,30 Yes 
HD 98281 5389 4,42 0,66 -0,25 0,000 0,000 0,000 93,98 Yes 
HD 98356 5319 4,42 0,82 0,11 0,000 0,000 0,000 128,50 Yes 
HD 100508 5452 4,43 0,85 0,39 0,000 -0,001 0,000 34,23 Yes 
HD 100777 5535 4,33 0,81 0,25 0,000 -0,001 0,000 156,92 Yes 
HD 101581 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 101930 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 102117 5656 4,29 1,00 0,26 0,000 0,001 0,000 60,88 Yes 
HD 102365 5627 4,44 0,90 -0,30 0,000 0,001 0,000 39,63 Yes 
HD 102438 5557 4,41 0,84 -0,29 0,000 -0,001 0,000 61,82 Yes 
HD 103949 4879 4,48 0,48 -0,07 0,000 0,001 0,000 264,87 Yes 
HD 104006 5022 4,56 0,08 -0,77 0,000 0,001 0,000 31,17 Yes 
HD 104067 4970 4,46 0,99 -0,07 0,000 0,001 0,000 115,08 Yes 
HD 104263 5483 4,34 0,82 0,02 0,000 0,001 0,000 20,32 Yes 
HD 104982 5692 4,44 0,91 -0,19 0,000 0,000 0,000 35,35 Yes 
HD 105671 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 105837 5903 4,54 1,14 -0,51 0,000 0,000 0,000 69,03 Yes 
HD 106116 5679 4,39 0,91 0,14 0,000 0,000 0,000 115,68 Yes 
HD 106275 5055 4,46 0,68 -0,09 0,000 0,001 0,000 13,85 Yes 
HD 107148 5798 4,39 0,92 0,31 0,000 0,001 0,000 84,28 Yes 
HD 108147 6256 4,47 1,30 0,18 0,000 0,000 0,000 97,98 Yes 
HD 108309 5775 4,24 1,07 0,12 0,000 0,001 0,000 25,48 Yes 
HD 109200 5128 4,50 0,67 -0,31 0,000 0,001 0,000 92,62 Yes 
HD 109409 5884 4,16 1,24 0,32 0,000 0,000 0,000 29,28 Yes 
HD 109423 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 110619 5613 4,50 0,84 -0,41 0,000 -0,001 0,000 79,05 Yes 
HD 111031 5796 4,39 1,05 0,28 0,000 0,000 0,000 165,83 Yes 
HD 111232 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 112540 5524 4,52 0,74 -0,17 0,000 -0,001 0,000 188,88 Yes 
HD 114386 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 114613 5733 3,97 1,19 0,20 0,000 0,001 0,000 53,03 Yes 
HD 114729 5844 4,18 1,24 -0,28 0,000 0,000 0,000 21,20 Yes 
HD 114747 5172 4,43 0,99 0,21 0,000 0,000 0,000 41,83 Yes 
HD 114783 5128 4,41 0,87 0,03 0,000 0,001 0,000 72,28 Yes 
HD 114853 5704 4,44 0,92 -0,23 0,000 0,001 0,000 106,52 Yes 
HD 115585 5712 4,26 1,15 0,34 0,000 -0,001 0,000 36,95 Yes 
HD 115617 5558 4,36 0,81 -0,01 0,000 0,000 0,000 54,77 Yes 
HD 115674 5645 4,49 0,84 -0,17 0,000 0,000 0,000 80,05 Yes 
HD 116858 4993 4,53 0,77 -0,21 0,000 0,000 0,000 166,07 Yes 
HD 116920 5013 4,46 0,69 -0,22 0,000 0,001 0,000 152,83 Yes 
HD 117105 5895 4,42 1,13 -0,29 0,000 0,000 0,000 26,57 Yes 
HD 117207 5660 4,34 0,99 0,20 0,000 0,000 0,000 28,67 Yes 
HD 117618 5989 4,41 1,12 0,02 0,000 0,001 0,000 5,37 Yes 
HD 119638 6071 4,42 1,22 -0,14 0,000 -0,001 0,000 29,75 Yes 
HD 119782 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 121504 6022 4,49 1,13 0,13 0,000 0,000 0,000 37,23 Yes 
HD 122862 5982 4,24 1,28 -0,12 0,000 0,000 0,000 20,73 Yes 
HD 123265 5338 4,28 0,86 0,19 0,000 0,000 0,000 131,63 Yes 
HD 124106 5102 4,49 0,79 -0,17 0,000 0,000 0,000 64,77 Yes 
HD 124292 5446 4,37 0,78 -0,12 0,000 0,000 0,000 7,20 Yes 
HD 124364 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 125072 5009 4,56 1,04 0,18 0,000 -0,001 0,000 77,47 Yes 
HD 125184 5676 4,09 1,14 0,26 0,000 0,000 0,000 104,58 Yes 
HD 125455 5168 4,52 0,72 -0,19 0,000 0,000 0,000 266,85 Yes 
HD 125881 6037 4,49 1,10 0,06 0,000 0,000 0,000 59,43 Yes 
HD 126525 5637 4,37 0,90 -0,09 0,000 0,000 0,000 22,95 Yes 
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HD 128674 5547 4,50 0,70 -0,38 0,000 0,001 0,000 35,15 Yes 
HD 129642 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 130322 5362 4,37 0,90 -0,02 0,000 0,000 0,000 108,82 Yes 
HD 130930 5028 4,45 0,50 0,01 0,000 0,001 0,000 113,23 Yes 
HD 130992 4906 4,54 0,73 -0,14 0,000 -0,001 0,000 174,35 Yes 
HD 132648 5412 4,49 0,69 -0,37 0,000 0,000 0,000 43,77 Yes 
HD 134060 5961 4,40 1,11 0,13 0,000 0,001 0,000 30,45 Yes 
HD 134606 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 134664 5865 4,52 0,99 0,10 0,000 0,000 0,000 5,33 Yes 
HD 134985 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 134987 5741 4,30 1,08 0,25 0,000 0,000 0,000 113,77 Yes 
HD 136352 5664 4,39 0,90 -0,34 0,000 -0,001 0,000 26,18 Yes 
HD 136713 4991 4,44 0,93 0,05 0,000 -0,001 0,000 179,00 Yes 
HD 136894 5416 4,36 0,77 -0,10 0,000 -0,001 0,000 20,23 Yes 
HD 137303 4760 4,50 0,45 -0,36 0,000 0,000 0,000 40,53 Yes 
HD 137388 5238 4,41 0,93 0,17 0,000 0,000 0,000 124,23 Yes 
HD 138549 5586 4,44 0,87 0,00 0,000 0,001 0,000 14,57 Yes 
HD 140901 5609 4,46 0,90 0,09 0,000 -0,001 0,000 17,83 Yes 
HD 141937 5892 4,45 0,99 0,13 0,000 0,001 0,000 23,28 Yes 
HD 142022A 5508 4,36 0,82 0,19 0,000 0,001 0,000 39,57 Yes 
HD 142709 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 143114 5772 4,39 0,92 -0,42 0,000 0,000 0,000 57,25 Yes 
HD 143295 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 144411 4853 4,39 0,08 -0,32 0,000 -0,001 0,000 64,20 Yes 
HD 144497 5023 4,49 0,82 -0,14 0,000 -0,001 0,000 66,80 Yes 
HD 144585 5913 4,34 1,15 0,32 0,000 0,001 0,000 87,88 Yes 
HD 144628 5081 4,51 0,52 -0,41 0,000 0,001 0,000 75,42 Yes 
HD 145598 5415 4,48 0,58 -0,79 0,000 0,001 0,000 106,27 Yes 
HD 145666 5964 4,54 1,04 -0,03 0,000 -0,001 0,000 33,55 Yes 
HD 145809 5781 4,15 1,14 -0,25 0,000 0,000 0,000 19,65 Yes 
HD 146233 5816 4,46 0,99 0,05 0,000 0,001 0,000 17,52 Yes 
HD 147512 5528 4,40 0,80 -0,09 0,000 0,000 0,000 40,13 Yes 
HD 147513 5861 4,49 1,04 0,03 0,000 -0,001 0,000 117,35 Yes 
HD 148303 4956 4,55 0,83 -0,03 0,000 0,000 0,000 141,38 Yes 
HD 150433 5668 4,44 0,89 -0,36 0,000 -0,001 0,000 25,55 Yes 
HD 151504 5450 4,36 0,85 0,08 0,000 0,001 0,000 140,42 Yes 
HD 153851 5048 4,50 0,90 -0,25 0,000 0,001 0,000 278,48 Yes 
HD 154088 5376 4,37 0,86 0,28 0,000 0,001 0,000 197,28 Yes 
HD 154363 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 154577 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 154962 5825 4,16 1,22 0,31 0,000 0,001 0,000 8,60 Yes 
HD 157172 5450 4,39 0,77 0,10 0,000 -0,001 0,000 110,10 Yes 
HD 157338 6025 4,43 1,16 -0,08 0,000 0,001 0,000 91,35 Yes 
HD 157347 5674 4,39 0,90 0,02 0,000 0,000 0,000 96,82 Yes 
HD 157830 5549 4,50 0,78 -0,22 0,000 0,000 0,000 8,25 Yes 
HD 159868 5555 3,95 1,02 -0,09 0,000 0,001 0,000 32,83 Yes 
HD 160691 5782 4,27 1,09 0,30 0,000 -0,001 0,000 31,25 Yes 
HD 161098 5566 4,47 0,80 -0,27 0,000 -0,001 0,000 29,93 Yes 
HD 161612 5614 4,45 0,88 0,16 0,000 0,000 0,000 37,53 Yes 
HD 162020 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 162236 5343 4,42 0,82 -0,13 0,000 0,001 0,000 59,73 Yes 
HD 162396 6084 4,26 1,43 -0,36 0,000 0,001 0,000 82,10 Yes 
HD 165920 5348 4,40 0,81 0,31 0,000 0,000 0,000 124,47 Yes 
HD 166724 5129 4,44 0,78 -0,09 0,000 -0,001 0,000 11,22 Yes 
HD 167359 5353 4,46 0,68 -0,19 0,000 0,000 0,000 85,87 Yes 
HD 168159 4786 4,41 1,02 -0,16 0,000 0,000 0,000 241,20 Yes 
HD 168746 5566 4,33 0,80 -0,10 0,000 0,001 0,000 87,03 Yes 
HD 168871 5985 4,43 1,17 -0,09 0,000 -0,001 0,000 34,57 Yes 
HD 169830 6359 4,22 1,56 0,17 0,000 0,000 0,000 28,42 Yes 
HD 170493 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 171665 5651 4,41 0,88 -0,05 0,000 0,000 0,000 74,58 Yes 
HD 171990 6051 4,13 1,41 0,06 0,000 -0,001 0,000 40,65 Yes 
HD 172513 5493 4,41 0,77 -0,05 0,000 0,001 0,000 80,13 Yes 
HD 174545 5219 4,40 0,90 0,22 0,000 -0,001 0,000 27,70 Yes 
HD 176157 5178 4,42 0,91 -0,16 0,000 -0,001 0,000 293,32 Yes 
HD 176986 5011 4,45 0,79 0,01 0,000 0,001 0,000 48,55 Yes 
HD 177409 5897 4,48 0,99 -0,04 0,000 0,001 0,000 135,75 Yes 
HD 177565 5628 4,39 0,91 0,08 0,000 -0,001 0,000 137,72 Yes 
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HD 177758 5859 4,40 1,11 -0,59 0,000 0,000 0,000 43,07 Yes 
HD 179949 6289 4,53 1,36 0,22 0,000 -0,001 0,000 8,28 Yes 
HD 180409 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 181433 4969 4,38 0,69 0,33 0,000 -0,001 0,000 173,53 Yes 
HD 183658 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 183783 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 183870 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 185615 5568 4,34 0,84 0,09 0,000 -0,001 0,000 39,63 Yes 
HD 186061 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 187456 4827 4,32 0,54 0,02 0,000 0,000 0,000 93,57 Yes 
HD 188559 4791 4,34 0,65 -0,11 0,000 0,000 0,000 88,95 Yes 
HD 188748 5621 4,43 0,82 -0,12 0,000 0,001 0,000 38,78 Yes 
HD 189242 4912 4,47 0,53 -0,37 0,000 -0,001 0,000 147,35 Yes 
HD 189567 5734 4,41 0,96 -0,24 0,000 0,000 0,000 177,58 Yes 
HD 189625 5839 4,43 1,01 0,17 0,000 0,001 0,000 95,17 Yes 
HD 190248 5604 4,27 0,98 0,34 0,000 0,001 0,000 113,47 Yes 
HD 190647 5646 4,18 1,00 0,23 0,000 0,000 0,000 24,85 Yes 
HD 190954 5429 4,46 0,63 -0,41 0,000 -0,001 0,000 19,47 Yes 
HD 191847 5063 4,44 0,48 -0,12 0,000 0,001 0,000 250,83 Yes 
HD 192031 5210 4,38 0,05 -0,84 0,000 0,001 0,000 86,42 Yes 
HD 192117 5473 4,48 0,74 -0,04 0,000 0,001 0,000 35,38 Yes 
HD 192310 5164 4,51 0,97 -0,04 0,000 0,000 0,000 85,10 Yes 
HD 192961 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 193193 5981 4,40 1,15 -0,05 0,000 -0,001 0,000 93,93 Yes 
HD 193844 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 195302 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 195564 5675 4,03 1,11 0,06 0,000 -0,001 0,000 46,80 Yes 
HD 196050 5923 4,32 1,21 0,24 0,000 0,001 0,000 105,50 Yes 
HD 196761 5415 4,44 0,75 -0,31 0,000 0,000 0,000 33,72 Yes 
HD 196800 6016 4,37 1,17 0,19 0,000 -0,001 0,000 30,95 Yes 
HD 197210 5574 4,43 0,85 -0,03 0,000 0,001 0,000 62,28 Yes 
HD 197823 5395 4,41 0,81 0,12 0,000 0,001 0,000 30,27 Yes 
HD 198075 5840 4,57 0,94 -0,26 0,000 -0,001 0,000 5,68 Yes 
HD 199190 5924 4,26 1,13 0,15 0,000 0,001 0,000 72,68 Yes 
HD 199288 5761 4,50 0,98 -0,63 0,000 0,001 0,000 42,47 Yes 
HD 199933 4728 4,32 0,66 -0,14 0,000 0,001 0,000 260,08 Yes 
HD 199960 5974 4,39 1,13 0,28 0,000 0,000 0,000 80,37 Yes 
HD 200505 5054 4,48 0,74 -0,44 0,000 -0,001 0,000 191,60 Yes 
HD 202206 5764 4,47 1,02 0,29 0,000 0,000 0,000 53,48 Yes 
HD 202605 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 203384 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 203413 4816 4,39 0,75 0,00 0,000 0,000 0,000 162,42 Yes 
HD 203432 5642 4,39 0,97 0,29 0,000 0,001 0,000 8,17 Yes 
HD 203850 4884 4,51 0,40 -0,68 0,000 0,000 0,000 71,00 Yes 
HD 204313 5775 4,38 1,00 0,18 0,000 0,000 0,000 90,40 Yes 
HD 204385 6020 4,44 1,14 -0,01 0,000 -0,001 0,000 32,20 Yes 
HD 204941 5053 4,47 0,69 -0,20 0,000 -0,001 0,000 32,20 Yes 
HD 205536 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 206163 5522 4,43 0,94 0,01 0,000 0,001 0,000 28,32 Yes 
HD 206172 5613 4,50 0,79 -0,20 0,000 0,000 0,000 203,97 Yes 
HD 207129 5936 4,50 1,06 0,00 0,000 -0,001 0,000 41,03 Yes 
HD 207583 5535 4,47 0,99 0,01 0,000 -0,001 0,000 88,98 Yes 
HD 207700 5661 4,29 0,97 0,04 0,000 0,001 0,000 35,82 Yes 
HD 207970 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 208272 5191 4,41 0,98 -0,08 0,000 0,000 0,000 63,70 Yes 
HD 208487 6143 4,48 1,23 0,08 0,000 0,000 0,000 38,03 Yes 
HD 208573 4912 4,42 0,87 0,00 0,000 -0,001 0,000 58,22 Yes 
HD 208704 5833 4,38 1,05 -0,06 0,000 0,000 0,000 48,37 Yes 
HD 209100 4762 4,46 0,72 -0,19 0,000 -0,001 0,000 143,97 Yes 
HD 209458 6116 4,49 1,21 0,02 0,000 0,001 0,000 9,23 Yes 
HD 209742 5140 4,50 0,79 -0,16 0,000 -0,001 0,000 72,27 Yes 
HD 210277 5506 4,30 0,86 0,18 0,000 -0,001 0,000 96,97 Yes 
HD 210752 5919 4,46 1,04 -0,57 0,000 0,000 0,000 20,75 Yes 
HD 210918 5752 4,35 0,99 -0,09 0,000 0,001 0,000 30,03 Yes 
HD 210975 4750 4,37 0,11 -0,43 0,000 -0,001 0,000 134,02 Yes 
HD 211038 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 211369 4989 4,44 0,68 0,04 0,000 -0,001 0,000 11,62 Yes 
HD 211415 5844 4,38 0,99 -0,22 0,000 0,001 0,000 24,85 Yes 
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HD 212301 6270 4,55 1,29 0,17 0,000 -0,001 0,000 15,72 Yes 
HD 212563 5018 4,52 0,90 -0,01 0,000 -0,001 0,000 112,33 Yes 
HD 212580 5154 4,44 0,85 -0,10 0,000 0,001 0,000 676,67 Yes 
HD 212708 5686 4,35 1,00 0,27 0,000 0,000 0,000 117,97 Yes 
HD 213042 4829 4,38 0,81 0,09 0,000 0,001 0,000 257,42 Yes 
HD 213240 5987 4,27 1,26 0,15 0,000 0,000 0,000 82,07 Yes 
HD 213575 5671 4,19 1,02 -0,14 0,000 0,000 0,000 2,83 Yes 
HD 213628 5549 4,43 0,82 0,01 0,000 0,001 0,000 62,45 Yes 
HD 213941 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 214385 5653 4,43 0,80 -0,34 0,000 0,000 0,000 48,88 Yes 
HD 214759 5459 4,37 0,85 0,18 0,000 0,001 0,000 13,62 Yes 
HD 215152 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 215456 5792 4,10 1,19 -0,09 0,000 0,000 0,000 7,63 Yes 
HD 216435 6012 4,20 1,34 0,25 0,000 0,001 0,000 31,32 Yes 
HD 216770 5426 4,39 0,92 0,24 0,000 -0,001 0,000 42,02 Yes 
HD 216777 5623 4,51 0,81 -0,38 0,000 0,000 0,000 18,80 Yes 
HD 218249 5016 4,54 0,46 -0,39 0,000 0,000 0,000 37,53 Yes 
HD 218511 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 218572 4781 4,53 0,47 -0,57 0,000 0,001 0,000 88,48 Yes 
HD 219077 5367 3,99 0,93 -0,13 0,000 0,001 0,000 58,43 Yes 
HD 219249 5491 4,49 0,77 -0,40 0,000 -0,001 0,000 265,12 Yes 
HD 220256 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 220339 5030 4,55 0,77 -0,35 0,000 0,001 0,000 11,53 Yes 
HD 220367 6122 4,39 1,33 -0,29 0,000 0,000 0,000 15,42 Yes 
HD 220507 5698 4,30 1,00 0,02 0,000 0,001 0,000 11,50 Yes 
HD 221146 5878 4,28 1,09 0,09 0,000 -0,001 0,000 50,30 Yes 
HD 221287 6371 4,63 1,28 0,04 0,000 -0,001 0,000 140,50 Yes 
HD 221356 6106 4,53 1,11 -0,20 0,000 0,001 0,000 85,23 Yes 
HD 221420 5848 4,02 1,28 0,33 0,000 -0,001 0,000 27,18 Yes 
HD 222237 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 222335 5264 4,49 0,80 -0,20 0,000 0,001 0,000 110,63 Yes 
HD 222422 5472 4,46 0,72 -0,12 0,000 0,000 0,000 90,40 Yes 
HD 222582 5776 4,37 1,00 -0,01 0,000 -0,001 0,000 292,12 Yes 
HD 222595 5648 4,46 0,88 0,01 0,000 0,000 0,000 19,20 Yes 
HD 222669 5897 4,47 1,00 0,05 0,000 0,001 0,000 56,83 Yes 
HD 223121 5080 4,34 0,73 0,05 0,000 0,000 0,000 72,57 Yes 
HD 223171 5842 4,19 1,13 0,12 0,000 0,000 0,000 53,25 Yes 
HD 223282 5329 4,49 0,60 -0,41 0,000 0,000 0,000 21,40 Yes 
HD 224393 5773 4,53 0,84 -0,38 0,000 0,001 0,000 5,43 Yes 
HD 224619 5436 4,38 0,80 -0,19 0,000 0,000 0,000 9,93 Yes 
HD 224789 5178 4,43 1,04 -0,03 0,000 0,001 0,000 123,05 Yes 
HD 330075 ~ ~ ~ ~ ~ ~ ~ ~ No 
HIP 21539 ~ ~ ~ ~ ~ ~ ~ ~ No 
HIP 22059 ~ ~ ~ ~ ~ ~ ~ ~ No 
HIP 26542 ~ ~ ~ ~ ~ ~ ~ ~ No 
HIP 98764 ~ ~ ~ ~ ~ ~ ~ ~ No 
 
Table B3 – Derived results of the 451 HARPS GTO program stars with the Particle 
Swarm Optimization. The convergence time (Conver. Time) for each star is listed in 
minutes.  
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Star HD 
Teff  
(K) 
log(g) 
(cm.s
-2
) 
ξ 
(km/s) 
[Fe/H] 
Slope 
1 
Slope 
2 
Abundance 
Difference 
Conver. 
Time 
Conver
gence 
HD 55 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 142 6402 4,61 1,74 0,09 0,000 0,000 0,000 18,08 Yes 
HD 283 5155 4,51 0,45 -0,54 0,000 0,000 0,000 24,60 Yes 
HD 361 5905 4,60 0,98 -0,11 0,000 0,000 0,000 25,75 Yes 
HD 750 5056 4,38 0,60 -0,29 0,000 0,000 0,000 56,93 Yes 
HD 870 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 967 5567 4,50 0,81 -0,68 0,000 0,000 0,000 34,30 Yes 
HD 1237 5515 4,49 1,10 0,07 0,000 0,000 0,000 43,23 Yes 
HD 1320 5682 4,48 0,86 -0,27 0,000 0,000 0,000 22,08 Yes 
HD 1388 5953 4,39 1,14 -0,01 0,000 0,000 0,000 17,13 Yes 
HD 1461 5767 4,38 0,97 0,19 0,000 0,000 0,000 23,20 Yes 
HD 1581 5976 4,50 1,12 -0,18 0,000 0,001 0,000 23,93 Yes 
HD 2025 4940 4,57 0,61 -0,35 0,000 0,000 0,000 49,12 Yes 
HD 2071 5724 4,48 0,95 -0,09 0,000 0,000 0,000 19,28 Yes 
HD 2638 5201 4,42 0,75 0,12 0,000 0,000 0,000 89,98 Yes 
HD 3569 5158 4,54 0,58 -0,31 0,000 0,000 0,000 9,03 Yes 
HD 3823 6025 4,31 1,39 -0,28 0,000 0,000 0,000 17,73 Yes 
HD 4208 5601 4,43 0,78 -0,28 0,000 0,000 0,000 49,57 Yes 
HD 4307 5814 4,11 1,21 -0,22 0,000 0,001 0,000 41,65 Yes 
HD 4308 5641 4,37 0,90 -0,34 0,000 -0,001 0,000 16,12 Yes 
HD 4915 5654 4,51 0,89 -0,21 0,000 0,000 0,000 29,75 Yes 
HD 6348 5109 4,51 0,05 -0,55 0,000 0,000 0,000 85,12 Yes 
HD 6673 4966 4,50 0,58 -0,26 0,000 0,000 0,000 27,58 Yes 
HD 6735 6085 4,49 1,15 -0,06 0,000 0,000 0,000 13,35 Yes 
HD 7134 5939 4,42 1,16 -0,29 0,000 0,000 0,000 19,38 Yes 
HD 7199 5383 4,33 1,01 0,28 0,000 0,001 0,000 86,25 Yes 
HD 7449 6023 4,51 1,10 -0,11 0,000 0,000 0,000 19,88 Yes 
HD 8326 4973 4,48 0,81 0,02 0,000 0,000 0,000 58,08 Yes 
HD 8389A 5283 4,37 1,06 0,34 0,000 0,001 0,000 98,48 Yes 
HD 8406 5730 4,50 0,88 -0,10 0,000 0,000 0,000 22,42 Yes 
HD 8638 5509 4,43 0,73 -0,38 0,000 0,000 0,000 32,58 Yes 
HD 8828 5399 4,45 0,71 -0,16 0,000 0,000 0,000 27,98 Yes 
HD 8859 5505 4,40 0,79 -0,09 0,000 0,000 0,000 62,65 Yes 
HD 8912 5212 4,43 0,70 -0,07 0,000 -0,001 0,000 46,93 Yes 
HD 9246 5001 4,48 0,14 -0,53 0,000 0,000 0,000 6,97 Yes 
HD 9782 6021 4,40 1,09 0,09 0,000 -0,001 0,000 3,97 Yes 
HD 9796 5175 4,37 0,66 -0,25 0,000 0,000 0,000 44,32 Yes 
HD 10002 5311 4,39 0,82 0,17 0,000 0,000 0,000 38,65 Yes 
HD 10166 5229 4,48 0,77 -0,39 0,000 0,000 0,000 39,87 Yes 
HD 10180 5910 4,38 1,11 0,08 0,000 0,000 0,000 3,47 Yes 
HD 10647 6216 4,61 1,22 0,00 0,000 0,000 0,000 3,90 Yes 
HD 10700 5308 4,43 0,54 -0,52 0,000 0,000 0,000 5,12 Yes 
HD 11226 6096 4,33 1,28 0,04 0,000 0,000 0,000 3,73 Yes 
HD 11505 5754 4,37 0,99 -0,22 0,000 0,000 0,000 14,52 Yes 
HD 11683 5006 4,41 0,61 -0,21 0,000 0,000 0,000 44,22 Yes 
HD 11964A 5332 3,89 0,99 0,08 0,000 0,000 0,000 8,67 Yes 
HD 12345 5392 4,43 0,69 -0,21 0,000 0,000 0,000 5,60 Yes 
HD 12387 5701 4,38 0,94 -0,25 0,000 0,000 0,000 4,38 Yes 
HD 12617 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 13060 5255 4,34 0,81 0,02 0,000 -0,001 0,000 12,57 Yes 
HD 13724 5872 4,52 1,02 0,23 0,000 0,000 0,000 10,27 Yes 
HD 13789 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 13808 5087 4,40 0,76 -0,20 0,000 -0,001 0,000 19,02 Yes 
HD 14374 5425 4,48 0,81 -0,04 0,000 0,000 0,000 15,48 Yes 
HD 14635 4806 4,44 0,77 -0,03 0,000 0,000 0,000 93,18 Yes 
HD 14680 5011 4,46 0,70 -0,17 0,000 0,000 0,000 38,47 Yes 
HD 14744 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 14747 5516 4,45 0,68 -0,38 0,000 0,000 0,000 13,87 Yes 
HD 15337 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 16141 5806 4,19 1,09 0,16 0,000 0,000 0,000 14,17 Yes 
HD 16270 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 16297 5421 4,46 0,81 -0,01 0,000 0,001 0,000 17,53 Yes 
HD 16417 5841 4,15 1,18 0,13 0,000 0,000 0,000 7,23 Yes 
HD 16714 5518 4,41 0,76 -0,20 0,000 0,000 0,000 8,18 Yes 
HD 17051 6227 4,52 1,28 0,19 0,000 0,000 0,000 16,10 Yes 
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HD 17970 5040 4,39 0,29 -0,45 0,000 0,000 0,000 50,78 Yes 
HD 18386 5457 4,38 0,91 0,14 0,000 0,001 0,000 24,82 Yes 
HD 18719 5241 4,41 0,92 -0,08 0,000 -0,001 0,000 30,12 Yes 
HD 19034 5477 4,41 0,67 -0,48 0,000 -0,001 0,000 16,58 Yes 
HD 19467 5720 4,30 0,96 -0,14 0,000 0,000 0,000 12,15 Yes 
HD 19994 6289 4,47 1,72 0,24 0,000 0,000 0,000 12,83 Yes 
HD 20003 5494 4,41 0,83 0,04 0,000 0,000 0,000 36,42 Yes 
HD 20407 5866 4,50 1,09 -0,44 0,000 0,000 0,000 13,25 Yes 
HD 20619 5703 4,51 0,92 -0,22 0,000 0,000 0,000 14,50 Yes 
HD 20781 5256 4,36 0,79 -0,11 0,000 0,000 0,000 55,13 Yes 
HD 20782 5774 4,38 1,00 -0,05 0,000 0,000 0,000 12,85 Yes 
HD 20794 5401 4,40 0,68 -0,40 0,000 0,001 0,000 14,90 Yes 
HD 20807 5866 4,52 1,04 -0,23 0,000 0,000 0,000 27,02 Yes 
HD 21019 5468 3,92 1,05 -0,44 0,000 0,001 0,000 15,08 Yes 
HD 21209A 4671 4,31 0,57 -0,41 0,000 0,000 0,000 24,05 Yes 
HD 21411 5473 4,50 0,81 -0,26 0,000 0,000 0,000 9,45 Yes 
HD 21693 5430 4,37 0,77 0,00 0,000 0,000 0,000 18,47 Yes 
HD 21749 4723 4,40 0,52 -0,02 0,000 0,000 0,000 9,18 Yes 
HD 21938 5773 4,38 0,98 -0,47 0,000 0,000 0,000 11,65 Yes 
HD 22049 5153 4,52 0,88 -0,11 0,000 0,001 0,000 20,92 Yes 
HD 22610 5043 4,43 0,89 -0,22 0,000 0,000 0,000 60,27 Yes 
HD 22879 5857 4,44 1,23 -0,84 0,000 0,000 0,000 10,67 Yes 
HD 23079 5980 4,47 1,12 -0,12 0,000 0,000 0,000 16,05 Yes 
HD 23249 5150 3,89 1,01 0,13 0,000 0,001 0,000 48,12 Yes 
HD 23356 5004 4,49 0,88 -0,17 0,000 -0,001 0,000 14,52 Yes 
HD 23456 6178 4,56 1,38 -0,32 0,000 -0,001 0,000 11,58 Yes 
HD 24331 4965 4,51 0,53 -0,31 0,000 0,000 0,000 76,55 Yes 
HD 24892 5363 3,99 0,87 -0,32 0,000 0,000 0,000 16,88 Yes 
HD 25105 5316 4,46 0,80 -0,15 0,000 0,001 0,000 14,63 Yes 
HD 25120 5134 4,46 0,86 -0,18 0,000 0,000 0,000 45,83 Yes 
HD 25565 5212 4,47 0,79 0,03 0,000 -0,001 0,000 9,42 Yes 
HD 25673 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 26965A ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 27063 5767 4,44 0,95 0,05 0,000 0,000 0,000 45,17 Yes 
HD 27894 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 28185 5667 4,42 0,93 0,21 0,000 0,000 0,000 26,22 Yes 
HD 28471 5745 4,36 0,96 -0,06 0,000 -0,001 0,000 12,87 Yes 
HD 28701 5710 4,41 0,94 -0,32 0,000 0,000 0,000 13,80 Yes 
HD 28821 5660 4,38 0,90 -0,12 0,000 -0,001 0,000 21,42 Yes 
HD 30278 5394 4,38 0,71 -0,17 0,000 0,000 0,000 16,68 Yes 
HD 30306 5529 4,32 0,90 0,17 0,000 0,000 0,000 21,68 Yes 
HD 31527 5898 4,44 1,09 -0,17 0,000 0,000 0,000 11,78 Yes 
HD 31560 4751 4,32 0,65 -0,08 0,000 0,000 0,000 56,55 Yes 
HD 31822 6042 4,54 1,12 -0,19 0,000 -0,001 0,000 8,90 Yes 
HD 32724 5819 4,26 1,14 -0,17 0,000 0,000 0,000 17,72 Yes 
HD 33725 5276 4,41 0,71 -0,17 0,000 0,000 0,000 24,62 Yes 
HD 34449 5848 4,50 0,92 -0,09 0,000 0,000 0,000 20,57 Yes 
HD 34688 5169 4,44 0,72 -0,20 0,000 0,000 0,000 16,77 Yes 
HD 35854 4928 4,45 0,52 -0,13 0,000 0,000 0,000 28,85 Yes 
HD 36003 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 36108 5919 4,33 1,21 -0,21 0,000 0,000 0,000 17,00 Yes 
HD 36379 6028 4,30 1,29 -0,17 0,000 0,000 0,000 10,73 Yes 
HD 37962 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 37986 5507 4,30 0,92 0,27 0,000 0,000 0,000 26,53 Yes 
HD 38277 5871 4,34 1,09 -0,06 0,000 0,000 0,000 13,32 Yes 
HD 38382 6082 4,45 1,19 0,03 0,000 0,000 0,000 13,03 Yes 
HD 38858 5733 4,50 0,94 -0,22 0,000 0,001 0,000 16,52 Yes 
HD 38973 6016 4,41 1,14 0,05 0,000 -0,001 0,000 13,47 Yes 
HD 39091 6003 4,42 1,12 0,09 0,000 -0,001 0,000 10,47 Yes 
HD 39194 5205 4,52 0,34 -0,61 0,000 0,001 0,000 22,22 Yes 
HD 40105 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 40307 4977 4,47 0,54 -0,31 0,000 0,000 0,000 25,55 Yes 
HD 40397 5527 4,38 0,83 -0,13 0,000 0,000 0,000 23,75 Yes 
HD 44120 6052 4,25 1,31 0,12 0,000 0,000 0,000 12,53 Yes 
HD 44420 5818 4,36 1,07 0,29 0,000 0,000 0,000 25,92 Yes 
HD 44447 5999 4,37 1,26 -0,22 0,000 0,000 0,000 11,20 Yes 
HD 44573 5071 4,48 0,81 -0,07 0,000 -0,001 0,000 9,35 Yes 
HD 44594 5842 4,37 1,07 0,15 0,000 -0,001 0,000 12,75 Yes 
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HD 45184 5869 4,46 1,04 0,04 0,000 0,000 0,000 16,65 Yes 
HD 45289 5717 4,32 0,99 -0,02 0,000 -0,001 0,000 20,97 Yes 
HD 45364 5434 4,38 0,71 -0,17 0,000 0,000 0,000 30,60 Yes 
HD 47186 5675 4,35 0,93 0,23 0,000 0,000 0,000 8,58 Yes 
HD 48611 5334 4,50 0,69 -0,36 0,000 0,000 0,000 18,93 Yes 
HD 50590 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 50806 5633 4,10 1,03 0,03 0,000 0,000 0,000 13,43 Yes 
HD 51608 5358 4,35 0,73 -0,07 0,000 0,000 0,000 23,97 Yes 
HD 52265 6136 4,35 1,33 0,21 0,000 0,000 0,000 15,25 Yes 
HD 52919 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 55693 5914 4,43 1,06 0,30 0,000 0,001 0,000 17,25 Yes 
HD 59468 5613 4,38 0,88 0,03 0,000 0,000 0,000 24,23 Yes 
HD 59711A 5722 4,46 0,87 -0,12 0,000 0,000 0,000 15,18 Yes 
HD 63454 4840 4,29 0,82 0,05 0,000 0,000 0,000 73,95 Yes 
HD 63765 5432 4,42 0,81 -0,16 0,000 0,000 0,000 13,02 Yes 
HD 65216 5612 4,44 0,78 -0,17 0,000 0,000 0,000 16,83 Yes 
HD 65277 4802 4,43 0,55 -0,31 0,000 0,000 0,000 21,98 Yes 
HD 65562 5076 4,38 0,45 -0,10 0,000 0,001 0,000 15,35 Yes 
HD 65907A 5945 4,51 1,05 -0,31 0,000 0,000 0,000 13,17 Yes 
HD 66221 5635 4,39 0,93 0,17 0,000 0,000 0,000 30,70 Yes 
HD 66428 5705 4,31 0,96 0,25 0,000 0,000 0,000 32,87 Yes 
HD 67458 5891 4,52 1,04 -0,15 0,000 0,000 0,000 13,27 Yes 
HD 68607 5215 4,40 0,81 0,07 0,000 0,000 0,000 22,95 Yes 
HD 68978A 5965 4,49 1,08 0,05 0,000 0,000 0,000 17,33 Yes 
HD 69655 5961 4,44 1,15 -0,18 0,000 0,000 0,000 13,53 Yes 
HD 69830 5402 4,40 0,79 -0,06 0,000 0,000 0,000 21,88 Yes 
HD 70642 5668 4,40 0,82 0,18 0,000 0,001 0,000 13,37 Yes 
HD 70889 6051 4,48 1,14 0,11 0,000 0,000 0,000 13,05 Yes 
HD 71334 5694 4,36 0,95 -0,09 0,000 -0,001 0,000 14,98 Yes 
HD 71479 6026 4,41 1,19 0,24 0,000 0,000 0,000 14,03 Yes 
HD 71835 5438 4,39 0,80 -0,04 0,000 -0,001 0,000 17,98 Yes 
HD 72579 5449 4,27 0,84 0,20 0,000 0,000 0,000 15,35 Yes 
HD 72673 5243 4,45 0,60 -0,41 0,000 0,000 0,000 10,03 Yes 
HD 72769 5640 4,34 0,98 0,30 0,000 0,000 0,000 55,58 Yes 
HD 73121 6091 4,30 1,33 0,09 0,000 0,000 0,000 15,88 Yes 
HD 73256 5526 4,42 1,10 0,23 0,000 0,001 0,000 41,47 Yes 
HD 73524 6017 4,41 1,14 0,16 0,000 0,000 0,000 13,82 Yes 
HD 74014 5561 4,32 0,90 0,22 0,000 0,000 0,000 23,07 Yes 
HD 75289 6161 4,38 1,28 0,30 0,000 0,000 0,000 12,97 Yes 
HD 76151 5786 4,48 0,95 0,12 0,000 0,001 0,000 16,22 Yes 
HD 78429 5761 4,34 1,00 0,09 0,000 0,001 0,000 18,93 Yes 
HD 78538 5786 4,50 0,98 -0,02 0,000 -0,001 0,000 16,40 Yes 
HD 78558 5711 4,36 1,00 -0,44 0,000 -0,001 0,000 15,95 Yes 
HD 78612 5834 4,27 1,15 -0,24 0,000 0,000 0,000 10,27 Yes 
HD 78747 5778 4,45 1,03 -0,67 0,000 0,000 0,000 13,05 Yes 
HD 80883 5233 4,44 0,79 -0,25 0,000 0,000 0,000 25,48 Yes 
HD 81639 5522 4,40 0,78 -0,17 0,000 -0,001 0,000 12,15 Yes 
HD 82342 4820 4,41 0,32 -0,54 0,000 0,000 0,000 18,27 Yes 
HD 82516 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 82943 5989 4,43 1,10 0,26 0,000 0,000 0,000 19,20 Yes 
HD 83443 5511 4,42 0,93 0,34 0,000 0,000 0,000 27,13 Yes 
HD 83529 5902 4,35 1,11 -0,22 0,000 0,000 0,000 15,68 Yes 
HD 85119 5425 4,52 0,92 -0,20 0,000 -0,001 0,000 24,25 Yes 
HD 85390 5186 4,41 0,76 -0,07 0,000 0,000 0,000 64,68 Yes 
HD 85512 4715 4,39 0,14 -0,32 0,000 0,000 0,000 79,38 Yes 
HD 86065 5026 4,50 0,90 -0,05 0,000 0,000 0,000 37,18 Yes 
HD 86140 4903 4,53 0,30 -0,25 0,000 0,000 0,000 55,22 Yes 
HD 86171 5400 4,47 0,80 -0,25 0,000 0,001 0,000 23,65 Yes 
HD 87521 4854 4,36 0,76 -0,04 0,000 0,001 0,000 19,53 Yes 
HD 88084 5766 4,42 0,95 -0,09 0,000 0,000 0,000 7,83 Yes 
HD 88218 5878 4,17 1,23 -0,13 0,000 0,000 0,000 14,47 Yes 
HD 88656 5150 4,43 0,81 -0,11 0,000 0,000 0,000 28,22 Yes 
HD 88742 5981 4,51 1,07 -0,02 0,000 -0,001 0,000 9,75 Yes 
HD 89454 5728 4,46 0,97 0,12 0,000 0,000 0,000 12,50 Yes 
HD 90156 5599 4,47 0,86 -0,25 0,000 0,000 0,000 15,97 Yes 
HD 90711 5444 4,40 0,92 0,24 0,000 0,000 0,000 30,02 Yes 
HD 90812 5164 4,48 0,65 -0,36 0,000 0,000 0,000 9,97 Yes 
HD 92588 ~ ~ ~ ~ ~ ~ ~ ~ No 
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HD 92719 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 92788 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 93083 5105 4,42 0,94 0,09 0,000 0,000 0,000 85,80 Yes 
HD 93380 4649 4,35 0,28 -0,72 0,000 0,000 0,000 55,12 Yes 
HD 93385 5977 4,42 1,14 0,02 0,000 0,000 0,000 12,58 Yes 
HD 94151 5583 4,37 0,83 0,03 0,000 -0,001 0,000 32,18 Yes 
HD 95456 6276 4,34 1,41 0,16 0,000 0,000 0,000 19,50 Yes 
HD 95521 5773 4,49 0,95 -0,15 0,000 0,000 0,000 14,72 Yes 
HD 96423 5711 4,34 0,99 0,10 0,000 0,001 0,000 25,37 Yes 
HD 96700 5845 4,40 1,04 -0,18 0,000 0,000 0,000 12,17 Yes 
HD 97037 5883 4,35 1,13 -0,07 0,000 -0,001 0,000 28,93 Yes 
HD 97343 5410 4,38 0,82 -0,06 0,000 0,000 0,000 61,15 Yes 
HD 97998 5716 4,56 0,85 -0,42 0,000 0,000 0,000 13,55 Yes 
HD 98281 5381 4,41 0,65 -0,26 0,000 0,000 0,000 8,60 Yes 
HD 98356 5322 4,41 0,83 0,10 0,000 0,001 0,000 27,43 Yes 
HD 100508 5453 4,42 0,86 0,39 0,000 0,000 0,000 27,15 Yes 
HD 100777 5535 4,32 0,81 0,25 0,000 -0,001 0,000 32,50 Yes 
HD 101581 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 101930 5164 4,40 0,91 0,13 0,000 -0,001 0,000 64,62 Yes 
HD 102117 5656 4,30 0,99 0,28 0,000 0,000 0,000 34,77 Yes 
HD 102365 5629 4,44 0,91 -0,29 0,000 0,000 0,000 24,08 Yes 
HD 102438 5555 4,40 0,83 -0,29 0,000 0,000 0,000 19,17 Yes 
HD 103949 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 104006 5024 4,56 0,15 -0,78 0,000 0,000 0,000 100,78 Yes 
HD 104067 4971 4,46 0,99 -0,07 0,000 0,001 0,000 62,82 Yes 
HD 104263 5482 4,34 0,82 0,02 0,000 -0,001 0,000 19,12 Yes 
HD 104982 5691 4,42 0,91 -0,19 0,000 0,000 0,000 21,62 Yes 
HD 105671 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 105837 5907 4,54 1,14 -0,51 0,000 0,000 0,000 22,70 Yes 
HD 106116 5681 4,38 0,91 0,14 0,000 0,001 0,000 21,35 Yes 
HD 106275 5058 4,46 0,68 -0,09 0,000 0,000 0,000 55,27 Yes 
HD 107148 5803 4,39 0,93 0,31 0,000 -0,001 0,000 8,55 Yes 
HD 108147 6261 4,47 1,30 0,18 0,000 0,000 0,000 14,38 Yes 
HD 108309 5778 4,23 1,08 0,12 0,000 0,000 0,000 27,98 Yes 
HD 109200 5133 4,50 0,68 -0,31 0,000 0,000 0,000 33,18 Yes 
HD 109409 5885 4,16 1,24 0,32 0,000 0,000 0,000 26,20 Yes 
HD 109423 5067 4,43 0,85 -0,07 0,000 0,000 0,000 75,63 Yes 
HD 110619 5611 4,49 0,84 -0,41 0,000 0,000 0,000 13,43 Yes 
HD 111031 5796 4,39 1,04 0,27 0,000 0,000 0,000 22,52 Yes 
HD 111232 5456 4,42 0,62 -0,43 0,000 0,000 0,000 23,68 Yes 
HD 112540 5519 4,51 0,74 -0,17 0,000 0,000 0,000 13,28 Yes 
HD 114386 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 114613 5727 3,95 1,19 0,19 0,000 0,001 0,000 26,45 Yes 
HD 114729 5843 4,18 1,24 -0,28 0,000 0,000 0,000 19,42 Yes 
HD 114747 5170 4,43 0,99 0,21 0,000 0,000 0,000 70,53 Yes 
HD 114783 5133 4,41 0,89 0,03 0,000 -0,001 0,000 86,23 Yes 
HD 114853 5711 4,45 0,92 -0,22 0,000 0,000 0,000 23,95 Yes 
HD 115585 5709 4,26 1,14 0,34 0,000 -0,001 0,000 43,93 Yes 
HD 115617 5556 4,36 0,81 -0,02 0,000 0,000 0,000 15,08 Yes 
HD 115674 5650 4,48 0,85 -0,17 0,000 0,000 0,000 23,28 Yes 
HD 116858 4999 4,52 0,79 -0,21 0,000 0,001 0,000 24,57 Yes 
HD 116920 5016 4,46 0,69 -0,23 0,000 0,000 0,000 107,10 Yes 
HD 117105 5894 4,42 1,14 -0,29 0,000 -0,001 0,000 39,58 Yes 
HD 117207 5669 4,32 1,01 0,22 0,000 0,000 0,000 21,17 Yes 
HD 117618 5992 4,41 1,13 0,03 0,000 0,001 0,000 12,42 Yes 
HD 119638 6073 4,41 1,22 -0,15 0,000 0,000 0,000 18,45 Yes 
HD 119782 5158 4,43 0,79 -0,07 0,000 0,001 0,000 36,62 Yes 
HD 121504 6025 4,50 1,12 0,14 0,000 0,000 0,000 16,38 Yes 
HD 122862 5981 4,23 1,29 -0,12 0,000 0,000 0,000 19,37 Yes 
HD 123265 5340 4,28 0,86 0,19 0,000 0,000 0,000 34,25 Yes 
HD 124106 5109 4,48 0,80 -0,17 0,000 0,000 0,000 36,28 Yes 
HD 124292 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 124364 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 125072 5007 4,56 1,04 0,18 0,000 0,000 0,000 116,02 Yes 
HD 125184 5676 4,10 1,13 0,27 0,000 0,001 0,000 17,30 Yes 
HD 125455 5168 4,51 0,73 -0,19 0,000 0,000 0,000 58,68 Yes 
HD 125881 6033 4,48 1,10 0,06 0,000 0,001 0,000 23,70 Yes 
HD 126525 5635 4,37 0,90 -0,10 0,000 0,000 0,000 23,85 Yes 
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HD 128674 5556 4,50 0,71 -0,37 0,000 0,000 0,000 20,78 Yes 
HD 129642 5025 4,49 0,70 -0,06 0,000 0,000 0,000 61,40 Yes 
HD 130322 5367 4,36 0,90 -0,02 0,000 0,001 0,000 21,53 Yes 
HD 130930 5023 4,43 0,50 0,01 0,000 0,000 0,000 48,52 Yes 
HD 130992 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 132648 5419 4,48 0,70 -0,37 0,000 0,000 0,000 21,83 Yes 
HD 134060 5958 4,41 1,10 0,13 0,000 0,000 0,000 43,93 Yes 
HD 134606 5633 4,38 1,00 0,27 0,000 0,000 0,000 49,03 Yes 
HD 134664 5864 4,52 0,99 0,10 0,000 0,000 0,000 28,45 Yes 
HD 134985 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 134987 5740 4,29 1,08 0,25 0,000 0,000 0,000 29,35 Yes 
HD 136352 5664 4,39 0,90 -0,34 0,000 0,000 0,000 23,05 Yes 
HD 136713 4994 4,44 0,95 0,07 0,000 0,000 0,000 108,60 Yes 
HD 136894 5412 4,35 0,76 -0,10 0,000 0,000 0,000 30,75 Yes 
HD 137303 4755 4,50 0,40 -0,35 0,000 0,000 0,000 131,78 Yes 
HD 137388 5240 4,42 0,93 0,18 0,000 0,000 0,000 35,47 Yes 
HD 138549 5585 4,43 0,88 0,00 0,000 0,000 0,000 18,43 Yes 
HD 140901 5611 4,45 0,90 0,09 0,000 0,000 0,000 15,62 Yes 
HD 141937 5895 4,45 1,00 0,13 0,000 0,000 0,000 22,40 Yes 
HD 142022A 5507 4,35 0,82 0,20 0,000 0,000 0,000 73,10 Yes 
HD 142709 4724 4,43 0,83 -0,35 0,000 0,000 0,000 26,60 Yes 
HD 143114 5777 4,39 0,92 -0,41 0,000 0,000 0,000 18,73 Yes 
HD 143295 4987 4,43 0,88 -0,03 0,000 0,000 0,000 93,35 Yes 
HD 144411 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 144497 5017 4,50 0,81 -0,12 0,000 0,000 0,000 58,10 Yes 
HD 144585 5912 4,35 1,14 0,33 0,000 0,000 0,000 32,68 Yes 
HD 144628 5087 4,51 0,55 -0,41 0,000 0,000 0,000 23,37 Yes 
HD 145598 5415 4,48 0,58 -0,78 0,000 0,000 0,000 32,72 Yes 
HD 145666 5958 4,53 1,04 -0,03 0,000 0,000 0,000 41,65 Yes 
HD 145809 5781 4,15 1,15 -0,25 0,000 -0,001 0,000 19,35 Yes 
HD 146233 5820 4,45 1,00 0,05 0,000 0,000 0,000 20,88 Yes 
HD 147512 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 147513 5857 4,49 1,03 0,03 0,000 0,000 0,000 25,02 Yes 
HD 148303 4963 4,55 0,85 -0,03 0,000 0,000 0,000 68,20 Yes 
HD 150433 5666 4,44 0,89 -0,36 0,000 0,001 0,000 20,83 Yes 
HD 151504 5451 4,34 0,87 0,06 0,000 0,000 0,000 35,08 Yes 
HD 153851 5053 4,49 0,92 -0,26 0,000 -0,001 0,000 17,72 Yes 
HD 154088 5372 4,36 0,85 0,28 0,000 0,001 0,000 45,85 Yes 
HD 154363 4728 4,41 0,53 -0,62 0,000 0,000 0,000 51,02 Yes 
HD 154577 4897 4,51 0,41 -0,70 0,000 0,000 0,000 76,63 Yes 
HD 154962 5827 4,16 1,22 0,31 0,000 0,000 0,000 14,90 Yes 
HD 157172 5452 4,39 0,77 0,11 0,000 -0,001 0,000 16,67 Yes 
HD 157338 6028 4,44 1,16 -0,08 0,000 -0,001 0,000 21,42 Yes 
HD 157347 5690 4,39 0,92 0,02 0,000 0,001 0,000 20,35 Yes 
HD 157830 5538 4,48 0,76 -0,25 0,000 0,000 0,000 13,88 Yes 
HD 159868 5557 3,95 1,02 -0,08 0,000 0,000 0,000 14,33 Yes 
HD 160691 5781 4,26 1,09 0,30 0,000 0,001 0,000 13,43 Yes 
HD 161098 5558 4,46 0,79 -0,27 0,000 0,001 0,000 14,17 Yes 
HD 161612 5614 4,45 0,88 0,16 0,000 -0,001 0,000 29,32 Yes 
HD 162020 4858 4,47 0,79 -0,10 0,000 0,001 0,000 46,05 Yes 
HD 162236 5341 4,41 0,82 -0,13 0,000 0,000 0,000 23,18 Yes 
HD 162396 6090 4,28 1,43 -0,35 0,000 -0,001 0,000 11,12 Yes 
HD 165920 5344 4,39 0,80 0,29 0,000 0,000 0,000 46,10 Yes 
HD 166724 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 167359 5347 4,46 0,67 -0,19 0,000 0,000 0,000 29,45 Yes 
HD 168159 4785 4,41 1,01 -0,16 0,000 0,000 0,000 25,93 Yes 
HD 168746 5568 4,33 0,80 -0,10 0,000 0,000 0,000 17,47 Yes 
HD 168871 5980 4,42 1,17 -0,09 0,000 0,000 0,000 10,90 Yes 
HD 169830 6363 4,21 1,56 0,18 0,000 0,000 0,000 10,05 Yes 
HD 170493 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 171665 5655 4,41 0,89 -0,05 0,000 0,000 0,000 11,48 Yes 
HD 171990 6045 4,12 1,40 0,06 0,000 0,000 0,000 7,80 Yes 
HD 172513 5498 4,41 0,79 -0,05 0,000 -0,001 0,000 21,13 Yes 
HD 174545 5218 4,39 0,90 0,22 0,000 -0,001 0,000 32,68 Yes 
HD 176157 5180 4,41 0,92 -0,16 0,000 0,000 0,000 27,07 Yes 
HD 176986 5016 4,45 0,81 0,01 0,000 -0,001 0,000 80,12 Yes 
HD 177409 5897 4,48 1,00 -0,04 0,000 0,000 0,000 16,33 Yes 
HD 177565 5626 4,39 0,91 0,08 0,000 0,000 0,000 15,12 Yes 
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HD 177758 5864 4,42 1,11 -0,58 0,000 0,000 0,000 9,27 Yes 
HD 179949 6291 4,52 1,36 0,21 0,000 0,000 0,000 22,87 Yes 
HD 180409 6016 4,51 1,16 -0,17 0,000 0,000 0,000 13,43 Yes 
HD 181433 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 183658 5806 4,40 1,01 0,03 0,000 -0,001 0,000 19,43 Yes 
HD 183783 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 183870 5030 4,49 0,78 -0,07 0,000 0,000 0,000 51,28 Yes 
HD 185615 5566 4,33 0,84 0,08 0,000 0,000 0,000 31,95 Yes 
HD 186061 5020 4,51 0,62 -0,02 0,000 0,000 0,000 54,18 Yes 
HD 187456 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 188559 4792 4,33 0,66 -0,11 0,000 0,000 0,000 63,83 Yes 
HD 188748 5620 4,42 0,83 -0,12 0,000 0,001 0,000 9,03 Yes 
HD 189242 4914 4,45 0,57 -0,38 0,000 0,000 0,000 14,28 Yes 
HD 189567 5733 4,40 0,96 -0,24 0,000 0,000 0,000 14,38 Yes 
HD 189625 5845 4,42 1,02 0,18 0,000 0,000 0,000 16,23 Yes 
HD 190248 5605 4,26 0,99 0,34 0,000 0,000 0,000 39,00 Yes 
HD 190647 5644 4,18 0,99 0,23 0,000 0,000 0,000 27,25 Yes 
HD 190954 5429 4,45 0,62 -0,41 0,000 0,000 0,000 20,47 Yes 
HD 191847 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 192031 5218 4,38 0,16 -0,84 0,000 -0,001 0,000 21,52 Yes 
HD 192117 5476 4,47 0,75 -0,04 0,000 0,000 0,000 32,05 Yes 
HD 192310 5170 4,50 0,98 -0,04 0,000 0,000 0,000 30,85 Yes 
HD 192961 4622 4,30 0,58 -0,35 0,000 0,000 0,000 37,68 Yes 
HD 193193 5980 4,39 1,15 -0,05 0,000 0,000 0,000 17,87 Yes 
HD 193844 4998 4,43 0,46 -0,30 0,000 0,000 0,000 55,58 Yes 
HD 195302 5061 4,43 0,64 0,02 0,000 0,000 0,000 39,80 Yes 
HD 195564 5672 4,03 1,10 0,06 0,000 -0,001 0,000 31,38 Yes 
HD 196050 5921 4,33 1,21 0,24 0,000 -0,001 0,000 22,77 Yes 
HD 196761 5415 4,44 0,75 -0,31 0,000 0,000 0,000 15,10 Yes 
HD 196800 6009 4,36 1,17 0,19 0,000 0,000 0,000 15,55 Yes 
HD 197210 5581 4,42 0,87 -0,03 0,000 0,001 0,000 18,22 Yes 
HD 197823 5394 4,41 0,82 0,12 0,000 -0,001 0,000 24,15 Yes 
HD 198075 5845 4,56 0,94 -0,24 0,000 0,000 0,000 16,55 Yes 
HD 199190 5925 4,26 1,14 0,15 0,000 0,000 0,000 11,98 Yes 
HD 199288 5768 4,49 1,01 -0,63 0,000 -0,001 0,000 19,07 Yes 
HD 199933 4735 4,34 0,59 -0,12 0,000 0,000 0,000 10,98 Yes 
HD 199960 5975 4,38 1,13 0,28 0,000 0,001 0,000 37,92 Yes 
HD 200505 5053 4,46 0,74 -0,45 0,000 0,000 0,000 14,63 Yes 
HD 202206 5760 4,47 1,01 0,29 0,000 0,000 0,000 19,47 Yes 
HD 202605 5658 4,49 1,02 0,18 0,000 -0,001 0,000 20,53 Yes 
HD 203384 5586 4,40 0,90 0,26 0,000 0,000 0,000 51,13 Yes 
HD 203413 4813 4,39 0,74 0,01 0,000 0,000 0,000 105,93 Yes 
HD 203432 5641 4,39 0,97 0,29 0,000 0,000 0,000 8,33 Yes 
HD 203850 4881 4,50 0,40 -0,68 0,000 -0,001 0,000 30,32 Yes 
HD 204313 5777 4,38 1,00 0,18 0,000 0,001 0,000 14,60 Yes 
HD 204385 6032 4,43 1,15 0,06 0,000 0,000 0,000 13,13 Yes 
HD 204941 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 205536 5443 4,38 0,77 -0,05 0,000 0,000 0,000 27,92 Yes 
HD 206163 5520 4,42 0,94 0,01 0,000 0,001 0,000 15,15 Yes 
HD 206172 5605 4,49 0,77 -0,24 0,000 0,000 0,000 36,88 Yes 
HD 207129 5937 4,48 1,06 0,00 0,000 0,000 0,000 24,55 Yes 
HD 207583 5535 4,47 0,98 0,02 0,000 0,000 0,000 33,98 Yes 
HD 207700 5668 4,28 0,98 0,04 0,000 0,000 0,000 13,25 Yes 
HD 207970 5560 4,38 0,78 0,07 0,000 0,000 0,000 10,83 Yes 
HD 208272 5193 4,42 0,98 -0,08 0,000 0,001 0,000 45,53 Yes 
HD 208487 6156 4,50 1,23 0,09 0,000 0,000 0,000 19,50 Yes 
HD 208573 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 208704 5829 4,38 1,04 -0,08 0,000 0,000 0,000 9,80 Yes 
HD 209100 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 209458 6119 4,50 1,21 0,03 0,000 0,000 0,000 14,73 Yes 
HD 209742 5139 4,49 0,78 -0,16 0,000 0,000 0,000 33,85 Yes 
HD 210277 5503 4,29 0,86 0,18 0,000 -0,001 0,000 29,08 Yes 
HD 210752 5924 4,46 1,04 -0,58 0,000 0,000 0,000 6,03 Yes 
HD 210918 5754 4,35 0,99 -0,09 0,000 -0,001 0,000 11,98 Yes 
HD 210975 4751 4,36 0,16 -0,43 0,000 0,000 0,000 79,70 Yes 
HD 211038 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 211369 4982 4,44 0,66 0,05 0,000 0,000 0,000 62,07 Yes 
HD 211415 5848 4,38 0,99 -0,21 0,000 0,000 0,000 13,30 Yes 
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HD 212301 6269 4,55 1,29 0,18 0,000 0,000 0,000 15,38 Yes 
HD 212563 5019 4,52 0,89 -0,02 0,000 -0,001 0,000 18,88 Yes 
HD 212580 5155 4,44 0,85 -0,11 0,000 0,000 0,000 59,03 Yes 
HD 212708 5679 4,34 0,99 0,27 0,000 0,000 0,000 13,18 Yes 
HD 213042 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 213240 5982 4,27 1,25 0,14 0,000 0,000 0,000 23,53 Yes 
HD 213575 5672 4,17 1,02 -0,15 0,000 0,000 0,000 14,78 Yes 
HD 213628 5551 4,43 0,82 0,01 0,000 0,000 0,000 12,67 Yes 
HD 213941 5534 4,39 0,73 -0,46 0,000 0,000 0,000 20,10 Yes 
HD 214385 5652 4,43 0,80 -0,34 0,000 0,000 0,000 23,17 Yes 
HD 214759 5463 4,36 0,86 0,18 0,000 0,000 0,000 30,90 Yes 
HD 215152 4934 4,40 0,67 -0,10 0,000 0,000 0,000 36,13 Yes 
HD 215456 5790 4,10 1,19 -0,09 0,000 0,000 0,000 12,70 Yes 
HD 216435 6008 4,20 1,34 0,24 0,000 0,000 0,000 14,57 Yes 
HD 216770 5425 4,38 0,91 0,24 0,000 0,000 0,000 15,53 Yes 
HD 216777 5619 4,51 0,80 -0,38 0,000 0,001 0,000 13,33 Yes 
HD 218249 5014 4,52 0,46 -0,40 0,000 0,000 0,000 33,38 Yes 
HD 218511 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 218572 4777 4,52 0,49 -0,56 0,000 0,000 0,000 33,70 Yes 
HD 219077 5365 3,99 0,93 -0,13 0,000 -0,001 0,000 13,38 Yes 
HD 219249 5482 4,48 0,75 -0,40 0,000 0,000 0,000 14,65 Yes 
HD 220256 5145 4,41 0,46 -0,09 0,000 0,000 0,000 21,97 Yes 
HD 220339 5024 4,54 0,76 -0,35 0,000 0,000 0,000 69,82 Yes 
HD 220367 6129 4,37 1,34 -0,21 0,000 0,000 0,000 21,62 Yes 
HD 220507 5700 4,29 1,01 0,01 0,000 0,000 0,000 22,98 Yes 
HD 221146 5881 4,28 1,09 0,09 0,000 0,000 0,000 23,07 Yes 
HD 221287 6374 4,62 1,28 0,04 0,000 0,001 0,000 23,27 Yes 
HD 221356 6109 4,52 1,12 -0,20 0,000 0,000 0,000 12,05 Yes 
HD 221420 5849 4,02 1,28 0,33 0,000 0,000 0,000 12,42 Yes 
HD 222237 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 222335 5270 4,49 0,82 -0,20 0,000 0,000 0,000 15,02 Yes 
HD 222422 5471 4,46 0,72 -0,12 0,000 0,000 0,000 10,78 Yes 
HD 222582 5780 4,37 1,00 -0,01 0,000 -0,001 0,000 22,97 Yes 
HD 222595 5650 4,45 0,88 0,01 0,000 0,000 0,000 22,28 Yes 
HD 222669 5898 4,47 1,00 0,05 0,000 0,000 0,000 26,83 Yes 
HD 223121 5076 4,34 0,73 0,06 0,000 0,000 0,000 85,02 Yes 
HD 223171 5842 4,19 1,13 0,11 0,000 0,000 0,000 11,62 Yes 
HD 223282 5329 4,48 0,60 -0,41 0,000 0,001 0,000 31,25 Yes 
HD 224393 5771 4,53 0,84 -0,38 0,000 0,000 0,000 8,07 Yes 
HD 224619 5434 4,38 0,79 -0,20 0,000 0,000 0,000 17,57 Yes 
HD 224789 5179 4,42 1,05 -0,04 0,000 0,000 0,000 12,48 Yes 
HD 330075 5031 4,32 0,63 0,03 0,000 0,000 0,000 78,72 Yes 
HIP 21539 4584 4,33 0,28 -0,33 0,000 0,000 0,000 43,63 Yes 
HIP 22059 4745 4,40 0,80 -0,32 0,000 0,000 0,000 84,00 Yes 
HIP 26542 4755 4,48 0,67 -0,54 0,000 -0,001 0,000 59,45 Yes 
HIP 98764 4916 4,44 0,40 -0,28 0,000 0,001 0,000 22,03 Yes 
 
Table B4 – Derived results of the 451 HARPS GTO program stars with the combination 
of the Particle Swarm Optimization strategy and Amoeba (C version). The convergence 
time (Conver. Time) for each star is listed in minutes.  
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Star HD 
Teff  
(K) 
log(g) 
(cm.s
-2
) 
ξ 
(km/s) 
[Fe/H] 
Slope 
1 
Slope 
2 
Abundance 
Difference 
Conver. 
Time 
Conver
gence 
HD 55 4683 4,51 0,09 -0,66 0,000 0,000 0,000 26,82 Yes 
HD 142 6408 4,61 1,75 0,09 0,000 0,000 0,000 21,07 Yes 
HD 283 5156 4,50 0,45 -0,54 0,000 0,000 0,000 31,02 Yes 
HD 361 5909 4,60 0,99 -0,11 0,000 0,001 0,000 14,53 Yes 
HD 750 5066 4,38 0,61 -0,29 0,000 0,000 0,000 49,83 Yes 
HD 870 5380 4,42 0,78 -0,10 0,000 0,001 0,000 17,22 Yes 
HD 967 5562 4,50 0,79 -0,68 0,000 0,000 0,000 26,77 Yes 
HD 1237 5512 4,48 1,10 0,07 0,000 0,000 0,000 16,72 Yes 
HD 1320 5678 4,49 0,85 -0,27 0,000 0,001 0,000 31,58 Yes 
HD 1388 5951 4,40 1,13 -0,01 0,000 0,000 0,000 13,98 Yes 
HD 1461 5766 4,38 0,97 0,19 0,000 0,000 0,000 17,43 Yes 
HD 1581 5976 4,51 1,12 -0,18 0,000 0,000 0,000 17,37 Yes 
HD 2025 4938 4,57 0,64 -0,35 0,000 0,001 0,000 54,18 Yes 
HD 2071 5722 4,47 0,95 -0,09 0,000 0,000 0,000 7,17 Yes 
HD 2638 5199 4,42 0,73 0,12 0,000 0,000 0,000 27,08 Yes 
HD 3569 5153 4,54 0,56 -0,31 0,000 0,000 0,000 24,50 Yes 
HD 3823 6023 4,31 1,39 -0,28 0,000 0,000 0,000 11,37 Yes 
HD 4208 5598 4,43 0,78 -0,28 0,000 -0,001 0,000 17,83 Yes 
HD 4307 5813 4,09 1,22 -0,23 0,000 -0,001 0,000 25,78 Yes 
HD 4308 5642 4,37 0,90 -0,34 0,000 0,000 0,000 25,82 Yes 
HD 4915 5656 4,51 0,90 -0,21 0,000 0,000 0,000 22,37 Yes 
HD 6348 5106 4,50 0,07 -0,56 0,000 0,000 0,000 19,85 Yes 
HD 6673 4964 4,49 0,59 -0,26 0,000 0,001 0,000 28,57 Yes 
HD 6735 6081 4,49 1,15 -0,06 0,000 0,000 0,000 13,77 Yes 
HD 7134 5932 4,40 1,17 -0,30 0,000 0,000 0,000 20,13 Yes 
HD 7199 5387 4,33 1,01 0,28 0,000 0,000 0,000 18,82 Yes 
HD 7449 6019 4,51 1,10 -0,11 0,000 0,000 0,000 21,17 Yes 
HD 8326 4974 4,48 0,82 0,02 0,000 0,000 0,000 47,33 Yes 
HD 8389A ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 8406 5724 4,50 0,86 -0,10 0,000 0,000 0,000 17,38 Yes 
HD 8638 5507 4,43 0,73 -0,38 0,000 0,000 0,000 32,18 Yes 
HD 8828 5397 4,45 0,71 -0,16 0,000 0,001 0,000 18,02 Yes 
HD 8859 5504 4,40 0,78 -0,09 0,000 0,000 0,000 21,10 Yes 
HD 8912 5214 4,43 0,71 -0,07 0,000 0,000 0,000 28,92 Yes 
HD 9246 4999 4,48 0,16 -0,53 0,000 0,000 0,000 37,90 Yes 
HD 9782 6024 4,41 1,09 0,09 0,000 0,000 0,000 13,92 Yes 
HD 9796 5174 4,37 0,65 -0,25 0,000 0,000 0,000 28,12 Yes 
HD 10002 5315 4,40 0,83 0,17 0,000 0,000 0,000 30,37 Yes 
HD 10166 5229 4,48 0,76 -0,39 0,000 0,000 0,000 16,82 Yes 
HD 10180 5911 4,38 1,11 0,08 0,000 0,000 0,000 17,17 Yes 
HD 10647 6220 4,61 1,22 0,00 0,000 0,001 0,000 4,67 Yes 
HD 10700 5311 4,44 0,54 -0,52 0,000 0,000 0,000 17,60 Yes 
HD 11226 6095 4,33 1,28 0,04 0,000 0,000 0,000 21,92 Yes 
HD 11505 5754 4,37 0,99 -0,22 0,000 0,000 0,000 26,37 Yes 
HD 11683 5001 4,41 0,59 -0,21 0,000 0,000 0,000 38,85 Yes 
HD 11964A 5333 3,89 0,99 0,08 0,000 0,000 0,000 21,43 Yes 
HD 12345 5397 4,43 0,69 -0,21 0,000 -0,001 0,000 29,03 Yes 
HD 12387 5703 4,38 0,94 -0,25 0,000 -0,001 0,000 10,53 Yes 
HD 12617 4890 4,45 0,75 0,10 0,000 0,001 0,000 82,25 Yes 
HD 13060 5255 4,33 0,82 0,02 0,000 0,000 0,000 36,12 Yes 
HD 13724 5869 4,52 1,01 0,23 0,000 0,000 0,000 17,33 Yes 
HD 13789 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 13808 5083 4,39 0,75 -0,20 0,000 0,000 0,000 50,02 Yes 
HD 14374 5426 4,47 0,82 -0,05 0,000 -0,001 0,000 25,73 Yes 
HD 14635 4805 4,44 0,78 -0,03 0,000 0,001 0,000 110,75 Yes 
HD 14680 5012 4,46 0,69 -0,17 0,000 0,000 0,000 42,23 Yes 
HD 14744 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 14747 5521 4,44 0,72 -0,38 0,000 -0,001 0,000 33,45 Yes 
HD 15337 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 16141 5804 4,18 1,11 0,16 0,000 0,000 0,000 13,92 Yes 
HD 16270 4792 4,39 0,86 0,06 0,000 0,000 0,000 50,50 Yes 
HD 16297 5425 4,46 0,82 -0,01 0,000 0,000 0,000 24,28 Yes 
HD 16417 5838 4,15 1,17 0,13 0,000 0,000 0,000 30,37 Yes 
HD 16714 5520 4,41 0,76 -0,20 0,000 -0,001 0,000 22,13 Yes 
HD 17051 6227 4,53 1,29 0,19 0,000 -0,001 0,000 17,67 Yes 
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HD 17970 5042 4,39 0,29 -0,45 0,000 0,000 0,000 58,88 Yes 
HD 18386 5458 4,38 0,92 0,14 0,000 0,000 0,000 21,05 Yes 
HD 18719 5240 4,40 0,92 -0,08 0,000 0,000 0,000 17,83 Yes 
HD 19034 5478 4,41 0,67 -0,48 0,000 0,001 0,000 26,05 Yes 
HD 19467 5718 4,31 0,95 -0,14 0,000 0,000 0,000 17,70 Yes 
HD 19994 6288 4,47 1,72 0,24 0,000 0,000 0,000 20,88 Yes 
HD 20003 5497 4,41 0,82 0,04 0,000 0,000 0,000 16,92 Yes 
HD 20407 5865 4,51 1,08 -0,44 0,000 0,000 0,000 18,02 Yes 
HD 20619 5705 4,51 0,91 -0,22 0,000 0,000 0,000 29,23 Yes 
HD 20781 5256 4,36 0,78 -0,11 0,000 -0,001 0,000 20,15 Yes 
HD 20782 5781 4,37 1,01 -0,06 0,000 0,000 0,000 11,80 Yes 
HD 20794 5402 4,41 0,67 -0,40 0,000 0,000 0,000 52,92 Yes 
HD 20807 5867 4,52 1,03 -0,22 0,000 0,001 0,000 8,12 Yes 
HD 21019 5469 3,93 1,05 -0,45 0,000 -0,001 0,000 20,23 Yes 
HD 21209A 4673 4,31 0,56 -0,41 0,000 0,000 0,000 24,97 Yes 
HD 21411 5473 4,50 0,82 -0,26 0,000 0,000 0,000 17,47 Yes 
HD 21693 5433 4,37 0,77 0,00 0,000 0,000 0,000 28,13 Yes 
HD 21749 4730 4,40 0,55 -0,03 0,000 0,000 0,000 89,78 Yes 
HD 21938 5778 4,38 0,99 -0,47 0,000 0,000 0,000 12,95 Yes 
HD 22049 5150 4,52 0,90 -0,11 0,000 0,000 0,000 27,40 Yes 
HD 22610 5048 4,44 0,89 -0,22 0,000 0,000 0,000 34,25 Yes 
HD 22879 5855 4,44 1,23 -0,84 0,000 0,001 0,000 21,93 Yes 
HD 23079 5978 4,47 1,13 -0,13 0,000 0,000 0,000 6,10 Yes 
HD 23249 5154 3,89 1,01 0,13 0,000 -0,001 0,000 20,42 Yes 
HD 23356 5007 4,50 0,88 -0,17 0,000 0,000 0,000 35,38 Yes 
HD 23456 6176 4,55 1,37 -0,32 0,000 0,000 0,000 25,88 Yes 
HD 24331 4963 4,50 0,53 -0,31 0,000 0,000 0,000 51,13 Yes 
HD 24892 5360 3,99 0,87 -0,32 0,000 0,000 0,000 17,70 Yes 
HD 25105 5321 4,46 0,78 -0,15 0,000 0,000 0,000 20,30 Yes 
HD 25120 5134 4,47 0,87 -0,18 0,000 0,000 0,000 31,38 Yes 
HD 25565 5208 4,46 0,79 0,03 0,000 0,000 0,000 82,58 Yes 
HD 25673 5137 4,46 0,57 -0,51 0,000 0,000 0,000 20,72 Yes 
HD 26965A 5152 4,39 0,34 -0,31 0,000 0,000 0,000 50,88 Yes 
HD 27063 5769 4,44 0,95 0,05 0,000 -0,001 0,000 14,03 Yes 
HD 27894 4950 4,38 0,78 0,20 0,000 0,000 0,000 47,60 Yes 
HD 28185 5665 4,41 0,94 0,21 0,000 0,001 0,000 9,52 Yes 
HD 28471 5743 4,36 0,96 -0,06 0,000 -0,001 0,000 19,87 Yes 
HD 28701 5708 4,40 0,95 -0,32 0,000 0,000 0,000 7,85 Yes 
HD 28821 5658 4,38 0,88 -0,12 0,000 0,001 0,000 44,53 Yes 
HD 30278 5395 4,38 0,72 -0,17 0,000 0,000 0,000 20,27 Yes 
HD 30306 5529 4,31 0,90 0,17 0,000 0,000 0,000 20,47 Yes 
HD 31527 5901 4,44 1,09 -0,17 0,000 0,000 0,000 13,80 Yes 
HD 31560 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 31822 6038 4,56 1,14 -0,19 0,000 0,000 0,000 12,53 Yes 
HD 32724 5824 4,25 1,15 -0,17 0,000 0,000 0,000 19,40 Yes 
HD 33725 5276 4,41 0,71 -0,17 0,000 0,000 0,000 20,57 Yes 
HD 34449 5848 4,50 0,92 -0,09 0,000 0,000 0,000 15,68 Yes 
HD 34688 5174 4,44 0,72 -0,20 0,000 0,001 0,000 60,55 Yes 
HD 35854 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 36003 4646 4,30 0,40 -0,20 0,000 0,001 0,000 56,40 Yes 
HD 36108 5916 4,32 1,21 -0,21 0,000 0,000 0,000 7,77 Yes 
HD 36379 6026 4,29 1,29 -0,18 0,000 0,000 0,000 22,12 Yes 
HD 37962 5720 4,48 0,85 -0,20 0,000 0,000 0,000 30,35 Yes 
HD 37986 5507 4,30 0,91 0,27 0,000 0,000 0,000 30,00 Yes 
HD 38277 5868 4,34 1,09 -0,06 0,000 0,000 0,000 12,08 Yes 
HD 38382 6086 4,44 1,19 0,03 0,000 0,001 0,000 20,73 Yes 
HD 38858 5733 4,50 0,94 -0,22 0,000 0,000 0,000 16,20 Yes 
HD 38973 6017 4,42 1,14 0,05 0,000 -0,001 0,000 13,42 Yes 
HD 39091 6006 4,42 1,11 0,09 0,000 0,001 0,000 8,22 Yes 
HD 39194 5203 4,52 0,36 -0,61 0,000 0,000 0,000 46,62 Yes 
HD 40105 5141 3,85 0,97 0,06 0,000 0,000 0,000 16,20 Yes 
HD 40307 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 40397 5526 4,38 0,83 -0,13 0,000 0,001 0,000 20,08 Yes 
HD 44120 6054 4,25 1,30 0,13 0,000 0,000 0,000 11,22 Yes 
HD 44420 5818 4,37 1,06 0,29 0,000 0,000 0,000 9,07 Yes 
HD 44447 6005 4,37 1,27 -0,22 0,000 0,000 0,000 13,90 Yes 
HD 44573 5075 4,48 0,81 -0,07 0,000 0,000 0,000 45,00 Yes 
HD 44594 5840 4,36 1,07 0,15 0,000 0,000 0,000 21,23 Yes 
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HD 45184 5873 4,45 1,04 0,04 0,000 0,000 0,000 9,05 Yes 
HD 45289 5718 4,32 0,99 -0,02 0,000 0,000 0,000 17,93 Yes 
HD 45364 5432 4,37 0,71 -0,17 0,000 0,000 0,000 16,93 Yes 
HD 47186 5674 4,37 0,92 0,23 0,000 0,000 0,000 18,50 Yes 
HD 48611 5337 4,50 0,69 -0,36 0,000 0,000 0,000 34,48 Yes 
HD 50590 4870 4,39 0,34 -0,22 0,000 -0,001 0,000 28,65 Yes 
HD 50806 5631 4,10 1,03 0,03 0,000 -0,001 0,000 16,02 Yes 
HD 51608 5357 4,35 0,73 -0,07 0,000 0,000 0,000 23,83 Yes 
HD 52265 6137 4,35 1,33 0,21 0,000 0,000 0,000 7,17 Yes 
HD 52919 4703 4,37 0,68 -0,17 0,000 0,000 0,000 74,50 Yes 
HD 55693 5914 4,42 1,07 0,30 0,000 0,000 0,000 23,83 Yes 
HD 59468 5615 4,38 0,87 0,03 0,000 0,000 0,000 43,87 Yes 
HD 59711A 5722 4,45 0,86 -0,13 0,000 0,000 0,000 16,30 Yes 
HD 63454 4841 4,30 0,81 0,06 0,000 0,000 0,000 76,70 Yes 
HD 63765 5436 4,42 0,82 -0,16 0,000 -0,001 0,000 23,68 Yes 
HD 65216 5609 4,43 0,78 -0,18 0,000 0,000 0,000 57,67 Yes 
HD 65277 4809 4,43 0,57 -0,31 0,000 0,000 0,000 67,87 Yes 
HD 65562 5071 4,38 0,45 -0,10 0,000 0,000 0,000 51,67 Yes 
HD 65907A 5941 4,52 1,05 -0,31 0,000 0,000 0,000 9,38 Yes 
HD 66221 5637 4,39 0,93 0,17 0,000 0,000 0,000 43,12 Yes 
HD 66428 5705 4,31 0,96 0,25 0,000 0,000 0,000 36,92 Yes 
HD 67458 5894 4,52 1,04 -0,15 0,000 0,000 0,000 18,97 Yes 
HD 68607 5213 4,40 0,82 0,07 0,000 0,000 0,000 25,83 Yes 
HD 68978A 5966 4,49 1,08 0,05 0,000 0,000 0,000 14,97 Yes 
HD 69655 5962 4,45 1,15 -0,19 0,000 0,000 0,000 17,05 Yes 
HD 69830 5395 4,40 0,78 -0,06 0,000 0,000 0,000 19,78 Yes 
HD 70642 5667 4,40 0,81 0,18 0,000 0,000 0,000 38,25 Yes 
HD 70889 6051 4,49 1,13 0,11 0,000 0,000 0,000 18,60 Yes 
HD 71334 5693 4,36 0,95 -0,09 0,000 0,000 0,000 12,03 Yes 
HD 71479 6024 4,42 1,19 0,24 0,000 0,000 0,000 18,15 Yes 
HD 71835 5437 4,39 0,79 -0,04 0,000 0,000 0,000 19,75 Yes 
HD 72579 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 72673 5246 4,46 0,61 -0,41 0,000 -0,001 0,000 26,28 Yes 
HD 72769 5641 4,34 0,98 0,30 0,000 0,000 0,000 56,08 Yes 
HD 73121 6094 4,31 1,34 0,09 0,000 0,000 0,000 14,43 Yes 
HD 73256 5525 4,42 1,10 0,23 0,000 0,001 0,000 47,85 Yes 
HD 73524 6014 4,41 1,14 0,16 0,000 0,001 0,000 18,85 Yes 
HD 74014 5563 4,32 0,91 0,22 0,000 -0,001 0,000 24,95 Yes 
HD 75289 6161 4,37 1,28 0,30 0,000 0,000 0,000 14,62 Yes 
HD 76151 5789 4,48 0,95 0,12 0,000 0,000 0,000 29,90 Yes 
HD 78429 5763 4,32 1,01 0,09 0,000 0,000 0,000 19,93 Yes 
HD 78538 5788 4,50 0,98 -0,03 0,000 -0,001 0,000 24,12 Yes 
HD 78558 5713 4,35 0,99 -0,44 0,000 0,000 0,000 17,30 Yes 
HD 78612 5837 4,26 1,15 -0,24 0,000 0,000 0,000 12,92 Yes 
HD 78747 5778 4,45 1,04 -0,67 0,000 0,000 0,000 13,77 Yes 
HD 80883 5228 4,44 0,78 -0,25 0,000 -0,001 0,000 40,87 Yes 
HD 81639 5517 4,40 0,77 -0,17 0,000 0,000 0,000 18,42 Yes 
HD 82342 4818 4,40 0,28 -0,54 0,000 0,000 0,000 41,98 Yes 
HD 82516 5107 4,46 0,71 0,01 0,000 0,000 0,000 55,20 Yes 
HD 82943 5988 4,42 1,11 0,26 0,000 0,000 0,000 18,05 Yes 
HD 83443 5508 4,42 0,92 0,34 0,000 -0,001 0,000 38,68 Yes 
HD 83529 5901 4,35 1,11 -0,22 0,000 0,000 0,000 14,48 Yes 
HD 85119 5426 4,52 0,92 -0,20 0,000 0,000 0,000 21,05 Yes 
HD 85390 5188 4,41 0,75 -0,07 0,000 0,000 0,000 22,85 Yes 
HD 85512 4708 4,38 0,20 -0,32 0,000 0,000 0,000 57,77 Yes 
HD 86065 5023 4,49 0,90 -0,05 0,000 0,000 0,000 89,17 Yes 
HD 86140 4901 4,54 0,32 -0,25 0,000 0,000 0,000 28,72 Yes 
HD 86171 5405 4,48 0,81 -0,25 0,000 0,000 0,000 14,47 Yes 
HD 87521 4855 4,37 0,76 -0,04 0,000 0,000 0,000 95,40 Yes 
HD 88084 5762 4,41 0,95 -0,10 0,000 0,000 0,000 24,70 Yes 
HD 88218 5879 4,16 1,23 -0,14 0,000 0,000 0,000 7,78 Yes 
HD 88656 5152 4,44 0,81 -0,11 0,000 0,000 0,000 25,93 Yes 
HD 88742 5981 4,52 1,06 -0,02 0,000 0,000 0,000 16,65 Yes 
HD 89454 5723 4,46 0,96 0,12 0,000 0,000 0,000 26,10 Yes 
HD 90156 5600 4,48 0,86 -0,24 0,000 0,000 0,000 17,70 Yes 
HD 90711 5443 4,40 0,92 0,24 0,000 0,000 0,000 65,65 Yes 
HD 90812 5164 4,48 0,64 -0,36 0,000 0,000 0,000 18,63 Yes 
HD 92588 5192 3,77 1,01 0,03 0,000 0,000 0,000 25,48 Yes 
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HD 92719 5828 4,50 0,97 -0,10 0,000 0,001 0,000 16,55 Yes 
HD 92788 5740 4,38 0,95 0,27 0,000 0,000 0,000 25,70 Yes 
HD 93083 5109 4,42 0,95 0,08 0,000 0,000 0,000 32,62 Yes 
HD 93380 4652 4,35 0,26 -0,72 0,000 0,000 0,000 86,15 Yes 
HD 93385 5980 4,43 1,13 0,02 0,000 0,000 0,000 27,13 Yes 
HD 94151 5584 4,38 0,83 0,04 0,000 0,000 0,000 12,28 Yes 
HD 95456 6276 4,34 1,40 0,16 0,000 0,000 0,000 14,88 Yes 
HD 95521 5776 4,50 0,94 -0,14 0,000 0,000 0,000 38,88 Yes 
HD 96423 5708 4,35 0,98 0,10 0,000 0,000 0,000 19,60 Yes 
HD 96700 5847 4,39 1,04 -0,18 0,000 0,000 0,000 9,95 Yes 
HD 97037 5884 4,35 1,12 -0,07 0,000 0,000 0,000 12,77 Yes 
HD 97343 5409 4,38 0,82 -0,06 0,000 0,001 0,000 29,53 Yes 
HD 97998 5715 4,57 0,84 -0,42 0,000 0,000 0,000 27,03 Yes 
HD 98281 5386 4,42 0,65 -0,26 0,000 -0,001 0,000 20,38 Yes 
HD 98356 5320 4,40 0,83 0,10 0,000 0,001 0,000 64,03 Yes 
HD 100508 5456 4,42 0,86 0,39 0,000 0,000 0,000 24,80 Yes 
HD 100777 5533 4,33 0,81 0,25 0,000 0,000 0,000 13,55 Yes 
HD 101581 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 101930 5165 4,40 0,91 0,13 0,000 0,000 0,000 82,52 Yes 
HD 102117 5651 4,29 0,99 0,27 0,000 0,001 0,000 46,28 Yes 
HD 102365 5628 4,44 0,91 -0,29 0,000 0,000 0,000 31,68 Yes 
HD 102438 5559 4,40 0,84 -0,29 0,000 0,000 0,000 8,50 Yes 
HD 103949 4879 4,47 0,49 -0,07 0,000 0,000 0,000 65,43 Yes 
HD 104006 5027 4,56 0,18 -0,78 0,000 0,000 0,000 25,03 Yes 
HD 104067 4968 4,47 0,98 -0,06 0,000 0,000 0,000 26,63 Yes 
HD 104263 5479 4,33 0,82 0,02 0,000 -0,001 0,000 19,13 Yes 
HD 104982 5688 4,43 0,91 -0,19 0,000 -0,001 0,000 16,27 Yes 
HD 105671 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 105837 5908 4,54 1,14 -0,51 0,000 0,000 0,000 18,12 Yes 
HD 106116 5681 4,38 0,91 0,14 0,000 0,000 0,000 28,00 Yes 
HD 106275 5058 4,46 0,69 -0,09 0,000 -0,001 0,000 41,25 Yes 
HD 107148 5806 4,39 0,93 0,31 0,000 -0,001 0,000 17,97 Yes 
HD 108147 6262 4,46 1,30 0,18 0,000 0,000 0,000 26,22 Yes 
HD 108309 5777 4,24 1,08 0,12 0,000 0,000 0,000 10,52 Yes 
HD 109200 5132 4,50 0,68 -0,31 0,000 -0,001 0,000 32,45 Yes 
HD 109409 5888 4,17 1,24 0,33 0,000 -0,001 0,000 24,53 Yes 
HD 109423 5068 4,43 0,86 -0,07 0,000 0,000 0,000 34,53 Yes 
HD 110619 5608 4,48 0,84 -0,41 0,000 0,000 0,000 16,60 Yes 
HD 111031 5803 4,38 1,05 0,26 0,000 0,000 0,000 26,67 Yes 
HD 111232 5464 4,41 0,65 -0,43 0,000 -0,001 0,000 25,68 Yes 
HD 112540 5522 4,51 0,74 -0,17 0,000 0,000 0,000 53,13 Yes 
HD 114386 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 114613 5730 3,96 1,19 0,19 0,000 0,000 0,000 17,55 Yes 
HD 114729 5842 4,17 1,24 -0,28 0,000 0,000 0,000 16,90 Yes 
HD 114747 5169 4,43 0,98 0,21 0,000 -0,001 0,000 72,22 Yes 
HD 114783 5132 4,41 0,87 0,03 0,000 0,001 0,000 25,13 Yes 
HD 114853 5707 4,44 0,92 -0,23 0,000 0,000 0,000 14,73 Yes 
HD 115585 5712 4,26 1,15 0,34 0,000 -0,001 0,000 24,02 Yes 
HD 115617 5551 4,34 0,81 -0,01 0,000 -0,001 0,000 21,05 Yes 
HD 115674 5649 4,49 0,84 -0,17 0,000 0,001 0,000 36,83 Yes 
HD 116858 4994 4,52 0,77 -0,21 0,000 0,000 0,000 60,78 Yes 
HD 116920 5016 4,45 0,70 -0,24 0,000 0,000 0,000 35,98 Yes 
HD 117105 5893 4,42 1,13 -0,29 0,000 0,000 0,000 15,67 Yes 
HD 117207 5670 4,32 1,01 0,22 0,000 0,000 0,000 26,73 Yes 
HD 117618 5993 4,41 1,13 0,03 0,000 0,000 0,000 16,50 Yes 
HD 119638 6071 4,41 1,22 -0,15 0,000 0,000 0,000 12,65 Yes 
HD 119782 5161 4,44 0,80 -0,07 0,000 0,000 0,000 44,07 Yes 
HD 121504 6025 4,49 1,12 0,14 0,000 0,000 0,000 25,25 Yes 
HD 122862 5982 4,21 1,29 -0,12 0,000 0,000 0,000 12,40 Yes 
HD 123265 5339 4,29 0,85 0,19 0,000 0,000 0,000 23,62 Yes 
HD 124106 5102 4,48 0,78 -0,17 0,000 0,000 0,000 60,12 Yes 
HD 124292 5445 4,36 0,77 -0,13 0,000 0,000 0,000 30,23 Yes 
HD 124364 5580 4,47 0,82 -0,28 0,000 0,000 0,000 17,82 Yes 
HD 125072 5012 4,55 1,05 0,17 0,000 0,000 0,000 73,20 Yes 
HD 125184 5677 4,09 1,13 0,27 0,000 0,000 0,000 19,75 Yes 
HD 125455 5169 4,52 0,72 -0,19 0,000 0,000 0,000 24,20 Yes 
HD 125881 6032 4,48 1,10 0,06 0,000 0,000 0,000 8,58 Yes 
HD 126525 5634 4,37 0,89 -0,10 0,000 0,000 0,000 14,38 Yes 
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HD 128674 5553 4,49 0,72 -0,38 0,000 -0,001 0,000 17,08 Yes 
HD 129642 5028 4,50 0,69 -0,06 0,000 -0,001 0,000 43,87 Yes 
HD 130322 5365 4,37 0,89 -0,02 0,000 0,001 0,000 20,25 Yes 
HD 130930 5032 4,45 0,52 0,01 0,000 0,000 0,000 66,98 Yes 
HD 130992 4900 4,53 0,70 -0,14 0,000 0,000 0,000 28,70 Yes 
HD 132648 5416 4,48 0,69 -0,37 0,000 -0,001 0,000 12,47 Yes 
HD 134060 5957 4,41 1,10 0,13 0,000 0,000 0,000 16,07 Yes 
HD 134606 5634 4,37 1,00 0,27 0,000 0,001 0,000 14,55 Yes 
HD 134664 5865 4,52 0,98 0,10 0,000 0,000 0,000 26,38 Yes 
HD 134985 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 134987 5745 4,29 1,08 0,25 0,000 0,001 0,000 13,58 Yes 
HD 136352 5660 4,38 0,90 -0,35 0,000 0,000 0,000 25,77 Yes 
HD 136713 4996 4,44 0,96 0,07 0,000 0,000 0,000 103,88 Yes 
HD 136894 5414 4,35 0,76 -0,10 0,000 0,000 0,000 9,18 Yes 
HD 137303 4749 4,49 0,38 -0,35 0,000 0,001 0,000 62,12 Yes 
HD 137388 5242 4,41 0,94 0,18 0,000 0,000 0,000 49,78 Yes 
HD 138549 5585 4,44 0,87 0,00 0,000 0,001 0,000 19,03 Yes 
HD 140901 5607 4,45 0,89 0,09 0,000 0,000 0,000 28,12 Yes 
HD 141937 5895 4,45 1,00 0,13 0,000 0,000 0,000 24,42 Yes 
HD 142022A 5507 4,35 0,82 0,20 0,000 0,000 0,000 22,02 Yes 
HD 142709 4722 4,43 0,82 -0,35 0,000 0,000 0,000 58,65 Yes 
HD 143114 5776 4,39 0,92 -0,41 0,000 0,000 0,000 11,82 Yes 
HD 143295 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 144411 4855 4,39 0,02 -0,32 0,000 0,000 0,000 27,37 Yes 
HD 144497 5019 4,50 0,81 -0,12 0,000 0,000 0,000 37,75 Yes 
HD 144585 5909 4,35 1,15 0,33 0,000 0,000 0,000 16,45 Yes 
HD 144628 5084 4,50 0,55 -0,41 0,000 0,001 0,000 47,97 Yes 
HD 145598 5422 4,48 0,60 -0,78 0,000 -0,001 0,000 16,83 Yes 
HD 145666 5958 4,53 1,04 -0,03 0,000 0,000 0,000 15,82 Yes 
HD 145809 5779 4,15 1,14 -0,25 0,000 0,000 0,000 12,08 Yes 
HD 146233 5817 4,45 0,99 0,05 0,000 0,000 0,000 24,67 Yes 
HD 147512 5521 4,39 0,80 -0,08 0,000 0,001 0,000 15,67 Yes 
HD 147513 5860 4,50 1,03 0,03 0,000 0,000 0,000 14,72 Yes 
HD 148303 4959 4,55 0,84 -0,03 0,000 0,001 0,000 33,50 Yes 
HD 150433 5662 4,42 0,88 -0,37 0,000 -0,001 0,000 12,75 Yes 
HD 151504 5449 4,35 0,86 0,06 0,000 0,000 0,000 36,70 Yes 
HD 153851 5053 4,49 0,91 -0,25 0,000 0,000 0,000 26,55 Yes 
HD 154088 5378 4,37 0,86 0,28 0,000 0,000 0,000 26,88 Yes 
HD 154363 4724 4,41 0,50 -0,62 0,000 0,000 0,000 54,58 Yes 
HD 154577 4897 4,51 0,40 -0,70 0,000 0,000 0,000 28,85 Yes 
HD 154962 5830 4,16 1,22 0,31 0,000 0,001 0,000 33,52 Yes 
HD 157172 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 157338 6029 4,45 1,15 -0,07 0,000 0,000 0,000 34,80 Yes 
HD 157347 5677 4,38 0,91 0,02 0,000 0,000 0,000 14,20 Yes 
HD 157830 5542 4,47 0,77 -0,25 0,000 0,000 0,000 31,67 Yes 
HD 159868 5557 3,95 1,02 -0,08 0,000 0,000 0,000 15,55 Yes 
HD 160691 5783 4,27 1,09 0,30 0,000 0,000 0,000 17,47 Yes 
HD 161098 5560 4,46 0,79 -0,27 0,000 0,000 0,000 24,85 Yes 
HD 161612 5614 4,45 0,88 0,16 0,000 0,000 0,000 18,03 Yes 
HD 162020 4858 4,47 0,78 -0,10 0,000 0,000 0,000 43,67 Yes 
HD 162236 5338 4,42 0,81 -0,13 0,000 0,000 0,000 25,00 Yes 
HD 162396 6089 4,28 1,43 -0,35 0,000 0,000 0,000 12,87 Yes 
HD 165920 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 166724 5132 4,43 0,79 -0,09 0,000 0,000 0,000 29,32 Yes 
HD 167359 5353 4,46 0,68 -0,19 0,000 0,000 0,000 20,07 Yes 
HD 168159 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 168746 5566 4,32 0,81 -0,11 0,000 -0,001 0,000 27,67 Yes 
HD 168871 5987 4,41 1,18 -0,09 0,000 0,000 0,000 13,40 Yes 
HD 169830 6363 4,21 1,56 0,18 0,000 0,000 0,000 17,62 Yes 
HD 170493 4756 4,23 0,61 0,14 0,000 0,000 0,000 29,27 Yes 
HD 171665 5656 4,40 0,89 -0,05 0,000 0,000 0,000 20,82 Yes 
HD 171990 6044 4,12 1,40 0,06 0,000 0,000 0,000 19,82 Yes 
HD 172513 5500 4,40 0,78 -0,05 0,000 0,000 0,000 21,23 Yes 
HD 174545 5214 4,39 0,90 0,22 0,000 0,000 0,000 38,58 Yes 
HD 176157 5179 4,41 0,92 -0,16 0,000 -0,001 0,000 47,60 Yes 
HD 176986 5018 4,44 0,82 0,00 0,000 0,000 0,000 52,75 Yes 
HD 177409 5897 4,49 0,99 -0,04 0,000 0,000 0,000 14,03 Yes 
HD 177565 5624 4,39 0,91 0,08 0,000 0,000 0,000 37,80 Yes 
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HD 177758 5858 4,40 1,11 -0,59 0,000 0,000 0,000 14,97 Yes 
HD 179949 6283 4,53 1,35 0,21 0,000 0,000 0,000 18,03 Yes 
HD 180409 6016 4,51 1,17 -0,17 0,000 0,000 0,000 15,92 Yes 
HD 181433 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 183658 5806 4,40 1,01 0,03 0,000 0,001 0,000 18,08 Yes 
HD 183783 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 183870 5027 4,48 0,78 -0,07 0,000 0,000 0,000 77,83 Yes 
HD 185615 5567 4,33 0,84 0,08 0,000 0,000 0,000 19,38 Yes 
HD 186061 5017 4,51 0,61 -0,02 0,000 0,001 0,000 28,73 Yes 
HD 187456 4827 4,31 0,54 0,02 0,000 0,000 0,000 50,00 Yes 
HD 188559 4793 4,33 0,66 -0,11 0,000 0,000 0,000 51,48 Yes 
HD 188748 5627 4,42 0,83 -0,12 0,000 0,000 0,000 15,63 Yes 
HD 189242 4911 4,45 0,54 -0,38 0,000 0,000 0,000 45,67 Yes 
HD 189567 5727 4,41 0,95 -0,24 0,000 -0,001 0,000 18,70 Yes 
HD 189625 5841 4,42 1,02 0,17 0,000 0,001 0,000 20,70 Yes 
HD 190248 5605 4,25 0,99 0,33 0,000 0,000 0,000 20,50 Yes 
HD 190647 5639 4,18 0,99 0,23 0,000 0,000 0,000 8,38 Yes 
HD 190954 5427 4,45 0,62 -0,41 0,000 0,000 0,000 28,63 Yes 
HD 191847 5062 4,44 0,48 -0,12 0,000 0,000 0,000 61,97 Yes 
HD 192031 5214 4,38 0,10 -0,84 0,000 0,000 0,000 22,93 Yes 
HD 192117 5477 4,47 0,75 -0,04 0,000 -0,001 0,000 15,78 Yes 
HD 192310 5169 4,50 0,98 -0,04 0,000 0,000 0,000 55,10 Yes 
HD 192961 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 193193 5977 4,39 1,15 -0,05 0,000 0,000 0,000 25,55 Yes 
HD 193844 5000 4,43 0,46 -0,30 0,000 0,000 0,000 59,43 Yes 
HD 195302 5065 4,44 0,65 0,02 0,000 0,000 0,000 73,35 Yes 
HD 195564 5671 4,02 1,10 0,06 0,000 0,000 0,000 19,02 Yes 
HD 196050 5918 4,32 1,21 0,24 0,000 0,000 0,000 17,50 Yes 
HD 196761 5412 4,43 0,75 -0,31 0,000 0,000 0,000 13,13 Yes 
HD 196800 6008 4,37 1,17 0,19 0,000 0,001 0,000 8,93 Yes 
HD 197210 5581 4,42 0,86 -0,03 0,000 0,000 0,000 25,10 Yes 
HD 197823 5396 4,40 0,82 0,12 0,000 -0,001 0,000 30,87 Yes 
HD 198075 5839 4,56 0,94 -0,23 0,000 0,000 0,000 9,97 Yes 
HD 199190 5925 4,26 1,14 0,15 0,000 0,000 0,000 16,53 Yes 
HD 199288 5762 4,50 0,99 -0,63 0,000 0,000 0,000 13,07 Yes 
HD 199933 4729 4,31 0,65 -0,15 0,000 0,000 0,000 34,45 Yes 
HD 199960 5976 4,39 1,13 0,28 0,000 0,001 0,000 15,92 Yes 
HD 200505 5053 4,46 0,74 -0,45 0,000 0,000 0,000 69,78 Yes 
HD 202206 5758 4,46 1,01 0,29 0,000 0,000 0,000 18,15 Yes 
HD 202605 5658 4,47 1,03 0,17 0,000 -0,001 0,000 20,45 Yes 
HD 203384 5588 4,39 0,91 0,26 0,000 0,000 0,000 24,88 Yes 
HD 203413 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 203432 5640 4,38 0,97 0,29 0,000 0,000 0,000 27,52 Yes 
HD 203850 4876 4,50 0,37 -0,68 0,000 0,000 0,000 35,70 Yes 
HD 204313 5774 4,38 0,99 0,18 0,000 0,000 0,000 15,30 Yes 
HD 204385 6031 4,43 1,16 0,06 0,000 -0,001 0,000 10,15 Yes 
HD 204941 5051 4,48 0,69 -0,18 0,000 0,000 0,000 45,77 Yes 
HD 205536 5440 4,37 0,77 -0,05 0,000 0,001 0,000 63,12 Yes 
HD 206163 5522 4,42 0,95 0,01 0,000 0,000 0,000 32,93 Yes 
HD 206172 5608 4,48 0,78 -0,24 0,000 0,000 0,000 15,25 Yes 
HD 207129 5939 4,49 1,06 0,00 0,000 0,000 0,000 18,28 Yes 
HD 207583 5536 4,46 0,99 0,02 0,000 0,000 0,000 21,67 Yes 
HD 207700 5668 4,28 0,98 0,04 0,000 0,000 0,000 14,83 Yes 
HD 207970 5557 4,38 0,80 0,07 0,000 0,000 0,000 12,65 Yes 
HD 208272 5192 4,41 0,98 -0,08 0,000 0,000 0,000 23,05 Yes 
HD 208487 6149 4,47 1,24 0,08 0,000 0,000 0,000 11,27 Yes 
HD 208573 4912 4,41 0,86 0,00 0,000 0,000 0,000 28,65 Yes 
HD 208704 5830 4,38 1,04 -0,08 0,000 -0,001 0,000 13,88 Yes 
HD 209100 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 209458 6118 4,50 1,20 0,03 0,000 0,000 0,000 15,37 Yes 
HD 209742 5143 4,49 0,80 -0,16 0,000 0,000 0,000 31,93 Yes 
HD 210277 5507 4,28 0,87 0,17 0,000 0,000 0,000 16,40 Yes 
HD 210752 5924 4,45 1,05 -0,58 0,000 0,000 0,000 8,70 Yes 
HD 210918 5755 4,35 0,99 -0,09 0,000 0,000 0,000 4,52 Yes 
HD 210975 4751 4,37 0,13 -0,43 0,000 0,000 0,000 62,22 Yes 
HD 211038 4994 3,68 0,80 -0,25 0,000 -0,001 0,000 20,80 Yes 
HD 211369 4981 4,43 0,66 0,05 0,000 0,000 0,000 20,17 Yes 
HD 211415 5851 4,37 1,00 -0,21 0,000 0,001 0,000 21,75 Yes 
FCUP 
Optimization methods applied to Stellar Astrophysics 
145 
 
 
HD 212301 6271 4,54 1,30 0,18 0,000 -0,001 0,000 12,98 Yes 
HD 212563 5015 4,51 0,89 -0,02 0,000 0,000 0,000 22,70 Yes 
HD 212580 5154 4,44 0,85 -0,11 0,000 0,000 0,000 33,02 Yes 
HD 212708 5684 4,34 1,00 0,27 0,000 0,000 0,000 12,10 Yes 
HD 213042 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 213240 5983 4,26 1,25 0,14 0,000 0,000 0,000 24,35 Yes 
HD 213575 5673 4,17 1,02 -0,15 0,000 0,000 0,000 14,15 Yes 
HD 213628 5554 4,42 0,83 0,01 0,000 -0,001 0,000 23,47 Yes 
HD 213941 5533 4,40 0,72 -0,46 0,000 0,000 0,000 19,82 Yes 
HD 214385 5656 4,43 0,81 -0,34 0,000 0,000 0,000 20,85 Yes 
HD 214759 5462 4,36 0,86 0,18 0,000 0,000 0,000 21,63 Yes 
HD 215152 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 215456 5789 4,09 1,20 -0,09 0,000 0,000 0,000 17,40 Yes 
HD 216435 6010 4,21 1,33 0,24 0,000 0,000 0,000 20,07 Yes 
HD 216770 5431 4,38 0,92 0,24 0,000 0,000 0,000 31,53 Yes 
HD 216777 5624 4,50 0,81 -0,38 0,000 0,000 0,000 18,07 Yes 
HD 218249 5013 4,53 0,46 -0,40 0,000 0,000 0,000 46,63 Yes 
HD 218511 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 218572 4778 4,52 0,48 -0,56 0,000 0,000 0,000 59,40 Yes 
HD 219077 5366 3,99 0,93 -0,13 0,000 0,000 0,000 16,13 Yes 
HD 219249 5484 4,49 0,75 -0,40 0,000 0,000 0,000 16,97 Yes 
HD 220256 5144 4,41 0,46 -0,09 0,000 0,000 0,000 22,85 Yes 
HD 220339 5032 4,55 0,78 -0,35 0,000 0,000 0,000 31,67 Yes 
HD 220367 6129 4,37 1,33 -0,21 0,000 0,000 0,000 12,15 Yes 
HD 220507 5696 4,29 1,00 0,01 0,000 0,000 0,000 31,73 Yes 
HD 221146 5877 4,28 1,09 0,09 0,000 0,000 0,000 18,68 Yes 
HD 221287 6373 4,61 1,28 0,04 0,000 0,000 0,000 13,48 Yes 
HD 221356 6110 4,52 1,12 -0,20 0,000 0,000 0,000 16,93 Yes 
HD 221420 5847 4,02 1,28 0,33 0,000 0,001 0,000 14,98 Yes 
HD 222237 ~ ~ ~ ~ ~ ~ ~ ~ No 
HD 222335 5266 4,49 0,82 -0,19 0,000 -0,001 0,000 51,28 Yes 
HD 222422 5473 4,46 0,72 -0,12 0,000 -0,001 0,000 16,03 Yes 
HD 222582 5777 4,36 1,00 -0,01 0,000 0,000 0,000 16,15 Yes 
HD 222595 5649 4,45 0,88 0,01 0,000 -0,001 0,000 19,25 Yes 
HD 222669 5898 4,47 1,00 0,05 0,000 0,000 0,000 19,88 Yes 
HD 223121 5075 4,34 0,72 0,06 0,000 0,000 0,000 41,63 Yes 
HD 223171 5841 4,19 1,13 0,11 0,000 0,000 0,000 18,45 Yes 
HD 223282 5324 4,48 0,60 -0,41 0,000 0,000 0,000 26,67 Yes 
HD 224393 5777 4,53 0,85 -0,38 0,000 0,000 0,000 18,52 Yes 
HD 224619 5435 4,39 0,79 -0,20 0,000 -0,001 0,000 27,03 Yes 
HD 224789 5181 4,43 1,05 -0,03 0,000 0,000 0,000 20,08 Yes 
HD 330075 5031 4,32 0,63 0,03 0,000 -0,001 0,000 80,08 Yes 
HIP 21539 4581 4,33 0,24 -0,33 0,000 0,000 0,000 70,48 Yes 
HIP 22059 4744 4,39 0,80 -0,32 0,000 0,000 0,000 55,18 Yes 
HIP 26542 4751 4,48 0,65 -0,54 0,000 0,000 0,000 41,22 Yes 
HIP 98764 4915 4,44 0,39 -0,28 0,000 0,000 0,000 37,20 Yes 
 
Table B5 – Derived results of the 451 HARPS GTO program stars with the combination 
of the Particle Swarm Optimization strategy and Amebsa. The convergence time 
(Conver. Time) for each star is listed in minutes.  
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Star 
Amoeba Fortran Amoba C 
Convergence Time Convergence Convergence Time Convergence 
HD 55 ~ No ~ No 
HD 142 2,60 Yes 8 Yes 
HD 283 ~ No 36 Yes 
HD 361 4,33 Yes 15 Yes 
HD 750 8,02 Yes ~ No 
HD 870 18,63 Yes 64 Yes 
HD 967 11,33 Yes 16 Yes 
HD 1237 12,87 Yes 18 Yes 
HD 1320 2,83 Yes 34 Yes 
HD 1388 9,65 Yes 15 Yes 
HD 1461 12,98 Yes 15 Yes 
HD 1581 4,33 Yes 4 Yes 
HD 2025 19,13 Yes ~ No 
HD 2071 4,53 Yes 12 Yes 
HD 2638 ~ No 25 Yes 
HD 3569 8,33 Yes ~ No 
HD 7449 6,28 Yes ~ No 
HD 8326 7,00 Yes ~ No 
HD 8389A 19,12 Yes 33 Yes 
HD 8406 4,27 Yes 30 Yes 
HD 8638 5,18 Yes 29 Yes 
HD 8828 5,27 Yes 7 Yes 
HD 8859 7,50 Yes 5 Yes 
HD 8912 ~ No 51 Yes 
HD 9246 ~ No 36 Yes 
HD 9782 ~ No 4 Yes 
HD 9796 26,32 Yes 29 Yes 
HD10002 23,12 Yes ~ No 
HD 22610 24,82 Yes 20 Yes 
HD 22879 5,22 Yes 14 Yes 
HD 23079 10,92 Yes 5 Yes 
HD 23249 25,27 Yes 23 Yes 
HD 23356 24,42 Yes 10 Yes 
HD 23456 9,63 Yes 4 Yes 
HD 24331 ~ No ~ No 
HD 24892 5,78 Yes 5 Yes 
HD 25105 7,58 Yes 44 Yes 
HD 25120 ~ No ~ No 
HD 25565 17,75 Yes 39 Yes 
HD 25673 20,52 Yes 35 Yes 
HD 26965A 7,18 Yes ~ No 
HD 27063 15,63 Yes 9 Yes 
HD 27894 ~ No ~ No 
HD 28185 4,10 Yes 25 Yes 
HD 28471 6,10 Yes 5 Yes 
HD 28701 12,43 Yes 21 Yes 
HD 39091 15,32 Yes 8 Yes 
HD 39194 20,32 Yes 35 Yes 
HD 40105 ~ No ~ No 
HD 40307 ~ No ~ No 
HD 40397 ~ No 17 Yes 
HD 44120 16,62 Yes 5 Yes 
HD 44420 7,83 Yes 13 Yes 
HD 44447 5,58 Yes 5 Yes 
HD 44573 25,83 Yes ~ No 
HD 55693 15,38 Yes 6 Yes 
HD 59468 9,23 Yes 17 Yes 
HD 59711A 16,80 Yes 5 Yes 
HD 63454 34,60 Yes ~ No 
HD 63765 4,57 Yes 26 Yes 
HD 65216 ~ No 7 Yes 
HD 65277 ~ No ~ No 
HD 65562 ~ No 37 Yes 
HD 65907A 5,85 Yes 18 Yes 
HD 66221 6,97 Yes 35 Yes 
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HD 66428 4,13 Yes 54 Yes 
HD 67458 5,75 Yes 23 Yes 
HD 68607 35,85 Yes ~ No 
HD 68978A 4,18 Yes 5 Yes 
HD 81639 5,62 Yes 11 Yes 
HD 82342 19,57 Yes ~ No 
HD 82516 14,42 Yes 46 Yes 
HD 82943 22,28 Yes 18 Yes 
HD 83443 ~ No 71 Yes 
HD 83529 8,67 Yes 13 Yes 
HD 85119 5,45 Yes 5 Yes 
HD 85390 22,80 Yes 5 Yes 
HD 85512 ~ No 18 Yes 
HD 86065 ~ No ~ No 
HD 86140 ~ No ~ No 
HD 108147 9,70 Yes 8 Yes 
HD 108309 23,35 Yes 24 Yes 
HD 109200 ~ No 17 Yes 
HD 109409 15,13 Yes 10 Yes 
HD 110619 ~ No 5 Yes 
HD 125184 8,63 Yes ~ No 
HD 125455 8,62 Yes ~ No 
HD 125881 14,17 Yes 3 Yes 
HD 126525 21,18 Yes 24 Yes 
HD 128674 ~ No 11 Yes 
HD 129642 ~ No ~ No 
HD 130322 6,25 Yes 28 Yes 
HD 130930 34,95 Yes 34 Yes 
HD 130992 ~ No ~ No 
HD 132648 11,03 Yes ~ No 
HD 134060 ~ No 8 Yes 
HD 147513 7,97 Yes 6 Yes 
HD 148303 10,30 Yes 34 Yes 
HD 150433 15,87 Yes ~ No 
HD 151504 7,25 Yes ~ No 
HD 153851 25,22 Yes 30 Yes 
HD 154088 19,45 Yes ~ No 
HD 154363 26,25 Yes 48 Yes 
HD 154577 24,05 Yes ~ No 
HD 176157 ~ No 12 Yes 
HD 176986 19,17 Yes 48 Yes 
HD 177409 13,52 Yes 6 Yes 
HD 177565 23,02 Yes 5 Yes 
HD 177758 17,38 Yes 4 Yes 
HD 179949 ~ No 5 Yes 
HD 180409 12,42 Yes 21 Yes 
HD 181433 ~ No ~ No 
HD 183658 9,80 Yes 15 Yes 
HD 183783 ~ No ~ No 
HD 183870 ~ No ~ No 
HD 185615 6,92 Yes 30 Yes 
HD 186061 30,68 Yes ~ No 
HD 187456 ~ No ~ No 
HD 188559 38,35 Yes ~ No 
HD 190954 26,32 Yes 13 Yes 
HD 191847 ~ No ~ No 
HD 192031 7,22 Yes ~ No 
HD 192117 7,37 Yes ~ No 
HD 192310 19,73 Yes ~ No 
HD 192961 ~ No 35 Yes 
HD 193193 14,32 Yes 4 Yes 
HD 193844 ~ No ~ No 
HD 195302 ~ No ~ No 
HD 195564 3,32 Yes 18 Yes 
HD 196050 9,93 Yes 4 Yes 
HD 196761 6,48 Yes 28 Yes 
HD 196800 9,92 Yes 53 Yes 
HD 197210 13,70 Yes 11 Yes 
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HD 197823 24,52 Yes 6 Yes 
HD 200505 ~ No 45 Yes 
HD 202206 11,37 Yes 4 Yes 
HD 202605 ~ No ~ No 
HD 203384 27,70 Yes ~ No 
HD 203413 ~ No ~ No 
HD 213240 ~ No 9 Yes 
HD 213575 13,52 Yes 4 Yes 
HD 213628 15,50 Yes 8 Yes 
HD 213941 3,88 Yes 5 Yes 
HD 214385 12,02 Yes 16 Yes 
HD 214759 22,27 Yes 26 Yes 
HD 215152 ~ No 26 Yes 
HD 215456 15,95 Yes 5 Yes 
HD 216435 5,87 Yes 5 Yes 
HD 216770 ~ No ~ No 
  
Table B6 – Selected 149 stars from the 451 HARPS GTO sample of Sousa et al. 
(2008), to test the convergence times of the Amoeba default version and of the 
Amoeba C version. 
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C.1. Abstract of the oral communication in the Ist Portuguese Meeting 
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Optimization methods for deriving stellar parameters 
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Abstract 
            Nowadays, the analysis of solar-type stars spectroscopic data is of crucial 
importance in several fields in astrophysics. It provides a technique to derive stellar 
parameters, such as effective temperature, surface gravity, microturbulence and 
metallicity. These derivations are done by measuring Fe I and Fe II weak absorption 
lines and then compute the measured abundances assuming LTE conditions. This 
process assumes excitation and ionization equilibrium of iron. 
           The derivation of stellar parameters is done through an iterative process which 
compares theoretical models with the observations. The process stops when the best 
model, which fits the observations, is found. 
            We aim with this work to implement, and test several optimization methods, 
which can be correctly adapted to the described problem. The minimal solution should 
be found with less function evaluations as possible. 
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C.2. Abstract of the oral communication in the XXIII ENAA 
(Encontro Nacional de Astronomia e Astrofísica – 16-17 of July, 2013)  
 
Title: Optimization methods for deriving FGK stellar parameters 
XXIII Encontro Nacional de Astronomia e Astrofísica 
 
Sérgio Batista (Centro de Astrofísica da Universidade do Porto and Departamento de 
Matemática da Faculdade de Ciências da Universidade do Porto), Sérgio Sousa 
(Centro de Astrofísica da Universidade do Porto), Nuno Santos (Centro de Astrofísica 
da Universidade do Porto) 
 
Abstract: Spectroscopic data provides a powerful technique to derive stellar 
parameters of F-, G- and K-type stars. These derivations are done by measuring the 
equivalent widths of weak FeI and FeII absorption lines and then compute the 
measured abundances assuming LTE conditions. The solution found must verify three 
conditions of the standard method: [FeI/H]=[FeII/H] (ionization equilibrium); 
independence between the metallicity and the excitation potential (i.e, excitation 
equilibrium); independence of the metallicity with respect to the measured equivalent 
widths. The standard method compares theoretical models with the observations. This 
is done in an iterative process until the best model, which fits the observations, is 
found. 
It is aimed in this work to implement and test several optimization methods. The 
solution should be found with less objective functions evaluations, as possible. In order 
to achieve this goal, it is also aimed to find strategies, which can help the implemented 
optimization method to faster converge to the solution.   
